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PREFACE 


To 


THE SECOND EDITION. 


THE motives which originally induced the author to 
prepare this volume for the public were briefly these. 
During the course of some experience as a lecturer on 
geology, he had constantly been in the habit of recom- 
mending the various works already published on the 
science, and had as constantly been requested to name 
some treatise more particularly intended for the tyro, 
and more expressly designed to convey that preliminary 
information which the mere beginner is so anxious to 
acquire. Not being aware of the existénce of such a pro- 
duction, and being naturally desirous to comply with a 
demand so strongly and so extensively urged, he under- 
took the present publication ; which, in addition to its 
claims on the attention of the novice, its adaptation for 
the use of schools, and of classes in literary and 
scientific institutions, would, it was hoped, be found 
not wholly devoid of interest for those who had already 
attained some proficiency in the science. 


x PREFACE. 


The flattering approval of the public press, the 
favourable manner in which the volume was received 
by the public, and the sale of a large impression in a 
comparatively brief space, have proved the correctness 
of these anticipations, and have induced the author 
to publish the present edition; which, beside a 
large increase of letter-press, contains a new frontis- 
piece, with nearly one hundred new wood engravings, 
and is offered to the public at a reduction of two 
shillings in price. 


The writer thinks it proper to mention that the 
whole of the additional wood-engravings were drawn, 
as well as engraved, by Mr. G. H. Nibbs, with the 
single exception of the vignette in the title-page, for 
which he is indebted to the pencil of Miss Plowman. 


In submitting the volume to the public, the reader is 
again respectfully reminded that the work is one of 
the most elementary character,—that it is designed 
merely as an introduction to others of far superior 
merit,—and that the highest objects of the writer will 
be attained, if, by means of its pages, the reader should 
become acquainted with the admirable and judicious 
reasonings of a Buckland,—the philosophic specula- 
tions of a Lyell,—the splendid oratory of a Sedgwick, 
—the fascinating eloquence of a Mantell,—the talented 
writings of a Phillips,—the able and energetic re- 


PREFACE. xi 


searches of a Murchison,—the instructive publications 
of a Fitton, a Delabeche, a Bakewell, and of many, 
many more, of whom science and literature may be 
justly proud, and who may be regarded as ornaments 
to letters and philosophy, and benefactors to the whole 
family of man. 
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DESCRIPTION OF THE FRONTISPIECE. 


Tuts delineation, which was designed, drawn, and engraved 
on the wood by Mr. Nisss, represents the shores of that 
ocean by which the strata of the oolite and lias were de- 
posited. Rocks appertaining to these formations constitute 
the heights and cliffs; and the vegetation consists of those 
trees and plants the remains of which are discovered in 
these deposits, including palms, tree-ferns, pandani, and 
coniferous trees; together with the smaller plants, as the 
ferns, cycadese, &c., &c. 

The reptiles comprise the ichthyosaurus in the act of devour- 
ing a fish; the plesiosaurus, which has seized a pterodactyle, 
or flying reptile, on the wing; together with crocodiles and 
alligators, which are depicted on the shores. Turtles and 
tortoises are prowling on the banks, and the waters of this 
primeval sea are tenanted by corals, shells, crustacea, and 
fish, appropriate to this peculiar period of the history of 
nature. 

The artist, it is obvious, has equalled the spirit and vigour 
of his design by the strictly correct and successful execution 
of its details, 
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GEOLOGY FOR BEGINNERS, 


CHAPTER I. 


OUTLINE OF THE WORK—DEFINITION OF GEOLOGY—VINDICATION OF THE 
SCIENCE, AS A USEFUL AND PRACTICAL, AND NOT A MERELY SPECULA- 
TIVE AND VISIONARY PURSUIT—CONNEXION OF GEOLOGY WITH THE 
FOLLOWING IMPORTAXT OBJECTS: NATIONAL AND COMMERCIAL PROS- 
PERITY, MINING, THE DISCOVERY OF COAL, CIVIL ENGINEERING, 
AGRICULTURE, DRAINING, ARTESIAN WELLS, HEALTH AND SALUBRITY, 
ARCHITECTURE, THE ARTS, LITERATURE, MENTAL DISCIPLINE--EXER- 
CISES OX THE ABOVE SUBJECTS. 


OvuTLINE or THE Work.—TIt may be desirable to 
state, at the commencement of this volume, the arrange- 
ment proposed by the author in its composition, which 
is, in substance, the same that he has found most 
eligible, when delivering lectures on the science. The 
present chapter will comprise a definition of geology ; 
an endeavour to rescue the study from certain ob- 
jections and prejudices undeservedly attached to its 
pursuit; and a vindication of its practical advantage, 
and its relation to the wants and utilities of life. The 
next will afford a brief outline of its history; and 
will be followed by others, conveying miscellaneous 
information, in the form of first lessons; together with 
directions for procuring and describing fossils, forming 
a collection, and generally cultivating geological in- 
quiries. The succeeding chapters will respectively con- 
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2 DEFINITION OF THE SCIENCE. 


tain an introduction to the auxiliary studies of Mine- 
ralogy; Physical Geology; Fossil Conchology; and 
Fossil Botany, with a few remarks on Paleontology ; 
and the mind of the reader having thus been prepared 
with information on those studies, which are auxiliaries 
to the knowledge of nature and the acquaintance with 
geology, the remaining pages will be devoted to a con- 
cise description of the various geological formations ; and 
of the phenomena of science as developed in the creation 
around us. 

DEFINITION OP THE ScitENcE.—Geology may be de- 
fined to be, the inquiry into universal nature, extending 
throughout all her kingdoms, animal, vegetable, and 
mineral; and comprising, in its investigations, all time, 
past, present, andtocome. The present explains to us 
the past; the past and present reveal to us the future. 
The examination into existing geological phenomena, 
causes and effects, enables us to understand those which 
have occurred in past periods of our earth; to interpret 
nature by herself; and to appreciate agencies and 
vesults which are obscure and remote, by a comparison 
with such as are familiar and well known; while the 
atudy, both of the past and present, empowers us to 
deduce presages of the future, and to infer the nature 
of those changes and vicissitudes, whick will, doubtless, 
occur on the face of our planet, during future eras of 
its physical history. It may be described, in a more 
compendious manner, as the mvestigation into the 
structure of the earth, and the nature of the animals 
and vegetables which have existed on its surface. 

From the above definitions it will be perceived, that 
geology is by no means to be regarded as a mere 
single or isolated department of knowledge, but that 


DEFINITION OF THE SCIENCE. 3 


the pursuits which pase under this general name 
are, in fact, a combination of all the physical sci- 
ences, of all those studies which have the harmonies 
and beauties of nature as their object, and the perfec- 
tions of her Divine Author as their ultimate end. From 
the magnitude and importance of the objects which it- 
contemplates, geology may be considered as vying with 


the most exalted of the natural sciences in grandeur 


and extent; while, in the varied and attractive cha- 
racter of its investigations, it will be found to surpass 


them all. So diversified and so universal, indeed, is the - 


sphere of its inquiries as to afford themes for contem- 
plation, fitted for every order of mind; and while fre- 
quently, in the same object, it calls attention to facts 


which the infant understanding may comprehend, it 
offers problems for determination which the loftiest. 


intellect is unable to solve. The shell imbedded in 


limestone, or the vegetable converted into coal, the 
mere child may perceive to be, the one a marine, the 


other a terrestrial production; but the process of the 
conversion of that shell into limestone, while the animal 
matter is often replaced by flint; or the agency by 
which the plant hes been transmuted into a mineral 
substance, while the woody structure is still retained ; 
each mvolves questions which the most advanced state 
of our knewledge is scarcely sufficient to determine. 

In addition to other advantages which might be 
adduced, it must not be forgotten, that geology, not- 
withstanding the important advances which it has re- 
cently made, is still a youthful and a progressive study ; 
all whose investigations possess the charm of novelty ; 
all wheese drecoveries bear the gloss of freshness to 
recomrmend them. When Columbus revealed a new 

B2 


4 ITS APPLICATION TO THE UTILITIES OF LIFE. 


hemisphere to mankind, the old world was eager and 
anxious to precipitate itself upon the new; and, when 
science discloses a fresh world beneath our feet, we 
cannot be surprised that all are eager and anxious to 
explore it. 

Yet, even the variety, extent, and novelty of geo- 
logical inquiry would never have procured for it so 
high a degree of popularity and favour as it has now 
attained; nor have enrolled among its students men 
of all ranks, from the peer and the philosopher to the 
labourer in the quarry, and the workman in the mine}; 
were it not recommended by the more valuable advan- 
tages of practical utility, and application to many of 
the most essential wants and necessities of mankind. 

Before the benefits of philosophic research and dis- 
covery were rendered so palpable and obvious as they 
are now happily become, it was the fate of this, like 
other scientific studies, to be regarded as a merely 
speculative and visionary pursuit, which, however well 
adapted to interest the philosopher in his closet, was 
utterly useless and uninteresting to the great mass of 
society. This erroneous opinion, though now, in a con- 
siderable degree, dispelled, is still so firmly implanted in 
the minds of many, who have not paid sufficient atten- 
tion to the subject, that we shall deem it necessary to 
devote some of our earliest pages to a statement of the 
intimate relation of geology to several of the most im- 
portant pursuits of life. To enumerate them all would 
far exceed the limits of an elementary treatise, and it 
will be sufficient to select from the whole, those examples 
which are best calculated to remove the mistaken im- 
pressions of ignorance or prejudice; and to substitute 
those more enlarged and accurate views which will de- 
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monstrate the practical usefulness of this valuable study, 
and justify the popularity and favour which it now so 
pre-eminently enjoys. 

DeErENDENCE OF NATIONAL ProspesiTy oN GEOLOGI- 
caL Position.—It is a self-evident proposition that the 
social and commercial condition of entire communities 
is wholly based on their geological site and condition. 
To what, in fact, do we owe our own influential position, 
and our prosperity as a nation, but to those advantages 
so abundantly supplied by the physical geography of 
our island, which, by yielding us stores of metals and 
of ores, of limestones and of sandstones, of salts 
and of minerals, and above all of coal; and not merely 
by bestowing these, but by placing most of them in 
situations, and under circumstances best calculated to 
render them beneficial, enables us not only to supply 
our own wants, but to minister to those of others in 
distant regions, and to convey knowledge and civiliza- 
tion to the very ends of the earth? From the remotest 
periods, when the Carthaginians and Phoenicians traded 
with our British ancestors for lead and tin, to the 
present era, the mineral and geological resources existing 
in our native land have been eagerly sought by dis- 
tant nations; and, at the present moment, countries, 
the most remote from our own, and from each other, 
are largely our debtors for many of the benefits which 
they enjoy. On the sultry plains of India, and of 
Arabia; and amid the frozen deserts of the north ;—as 
far distant as the antipodes, and at every point be- 
tween ;—the natives are clad in garments, and assisted 
by tools and implements, which the natural resources 
of our country, aided by our commercial energy and 
enterprise, enable us abundantly to supply. Had these 
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advantages been less amply, less favourably afforded, not 
only should we have been unable ta furnish the wants 
of others and to promote the cause of knowledge and 
improvement, but we should have been deficient in the 
supply of our own necessities, and should ourselves 
have continued in a comparatively degraded and ua- 
civilized condition. If (it has recently been remarked 
with much force and justice*) the granite of the 
Scottish mountains had extended as far as the South 
Downs of Kent and Sussex; or if the chalk of our 
southern shores had reached to the Grampian hills, our 
social and commercial condition would have presented a 
dreary contrast to the scene of energy, enterprise, and 
wealth, which it now presents. If, on the one hand, 
the granite had prevailed throughout the entire island, 
we should have been placed in a country, picturesque, 
it is true, in its general outline, abounding in the 
alternations of mountain and of vale; of hill and of 
glen; relieved by the torrent, the waterfall, and the 
lake; and embellished with a profuse, though mono- 
tonous vegetation ; while the rocks beneath would have 
afforded occasional supplies of precious metals, and 
yielded stores of tin, copper, silver, and gold. The 
chmate, however, would have been severe; its produc- 
tions limited and few; its population scanty, scattered, 
and poor; and we should have continued a race of 
miners and mountaineers. On the other hand, had the 
chalk extended over the whole country, we should have 
possessed extensive pastures and sheep-walks, and 
should have become a community of shepherds, grazing 
our flocks on the hills, and cultivating a confined and 

* By Leonard Horner, Esq., at the Anniversary of the Geological 
Society, 184), 
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partial vegetation in the valleys and fissures of the 
ehalk. In neither case could we have attained. that 
prosperity and eminence which we now so happily 
enjoy, since we should have been destitute of those 
natural advantages which constitute the basis of our 
national prosperity and power; and which, from the 
chalk of our southern shores to the granitie formations 
of the north,—from the South Downs of Sussex to the 
Grampian hills,—and from the clay lands of the east to 
the metallic districts of the west,—from the fields of 
Essex to the mines of Cornwall, yield a variety of 
benefits calculated not only to enrich ourselves, but to 
render us the dispensers of the best blessings to regions 
the most distant and remote. The relation of com- 
mercial and social prosperity to geological situation 
has been forcibly illustrated by Dr. Buckland, who, 
in his Bridgewater Treatise, furnishes an outline of the 
chief physical features of our native island, and calls 
attention to the striking fact, that no less than nine- 
teen of the largest and most important towns in Eng- 
land, from Exeter to Carlisle, are all situated along 
the line of one geological formation, the new red sand- 
stone, which, in addition to its own mineral treasures 
of rock-salt, gypsum, soda, and metallic ores, usually 
covers the invaluable deposit of coal, at once yielding 
an incentive and supply to the vast and enterprising 
population of this favoured district.* 

@ A passage of Scripture has been happily applied to ceseribe the bless- 
ing with which we are favoured by our peculiar geological position. 

‘* A land whercin thou shalt eat bread without scarceness, thou shalt 
not lack any thing in it; a land whose stones are iron, and out of whose 
hills thou mayest dig brass. When thou hast eaten and art full, then 


thou shalt bless the Lord thy God for the good land which he hath given 
thee.”—Deat. viii. 9, 16. 
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Dr. Silliman, also, in his excellent introduction to 
the American edition of Dr. Mantell’s Wonders of 
Geology, adverts to the same point, and with patriotic 
zeal expatiates on the admirable resources of the vast 
American continent, the variety and riches of its 
diversified geological deposits, and the favourable pros- 
pects of its future inhabitants. 

This part of our subject is so varied and important, 
that to follow it in all its details would far exceed the 
limits of an elementary treatise ; and with one additional 
remark, illustrative of our obligations on this account 
to an all-bountiful Providence, we shall pass to other 
observations of like nature. It is found that insular 
situations are usually favourable to the development 
of varied geological formations, while continents and 
extensive tracts of country are generally monotonous 
and unvaried. Thus, while the Isle of Arran presents 
a perfect epitome of the lower secondary and primary, 
and the Isle of Wight a like compendium of the tertiary 
and upper secondary formations, Mr. Murchison, in 
his recent visit to Russia, travelled for two thousand 
miles over old red sandstone alone. Hence, in addi- 
tion to the advantages of natural security and defence, 
our insular position confers those of mineral resources 
alike diversified and beneficial. The same cause, or 
train of causes, which rent our island from the adja- 
cent shores of Europe, was, doubtless, associated with 
intrusions of eruptive rocks, which brought with them 
to the surface, many of those varied and valuable deposits 
which now so largely enrich and bless our favoured 
country. 

GEOLOGY CONNECTED WITH Mininc.—Among those 
economical advantages which the science is calculated 


ITS APPLICATION TO MINING, 9 


to confer, its assistance to the miner may be first ad- 
duced, since it occurs earliest in the series of geolo- 
gical formations. It is at once the object and the boast 
of geology to redeem the search after metallic ores from 
the mere blind chance, or still more benighted supersti- 
tion by which it has frequently been governed; to 
teach the miner, on the one hand, to discard the belief in 
sinister influences and evil spirits, and, on the other, to re- 
ject the delusion of the incantation and the divining rod; 
and, by showing that mineral substances have not been 
distributed at random, but that each is referable to some 
peculiar geological deposit, to direct the inquiry for them 
on fixed and enlightened principles, and in conformity 
with those laws of nature which regulate their occur- 
rence. In this country, the granitic regions are the 
only districts, in which tin is discovered in sufficient 
extent and abundance to justify its being sought 
for economical purposes. Copper is also found in the 
greatest abundance in granite, and in the schistose or 
slaty rocks above it; and the principal mines of both 
these metals, in this country, are situated in Cornwall ; 
though the latter substance also presents itself, but in 
less plenty, in the new red sandstone, and occurs in 
Staffordshire. Lead is chiefly confined to the carboni- 
ferous limestone, a deposit which usually underlies the 
coal, and the most important supplies exist in Derby- 
shire and Scotland, amid strata appertaining to this 
formation. These metals, together with silver and 
others, occur in veins, which, in some cases, com- 
municate with fissures beneath, and have, probably, 
been occasioned by deeply-seated subterranean agency ; 
or they are the result of the chemical segregation 
of metallic particles from the surrounding mass. Gold 
BS 
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offers an exception to the general rule of metals 
existing in veins: it is disseminated in minute quan- 
tities throughout those rocks (usually of a quartz- 
ose character, ) in which it occurs, and is chiefly obtained 
in allavial gravel resulting from the decomposition of 
such rocks, or from the sands of rivers, which, flowing 
over them, have washed out the particles of gold. 
Platinum, together with zircon, the diamond, and many 
other gems, is also found in alluvial deposits, their 
original source being, probably, the same as that of 
gold; while iron, in this country, is usually associated 
with coal and Emestone, without both of which sub- 
stances it would be impossible to reduce this invaluable 
ore to a metallic and useful state. 

The veins of mineral substances are by no means of 
equal extent or value in all parts of their course, but 
the ore is distributed in local masses and aggregations, 
or bunches, as they are locally termed, along the line of 
its occurrence; while in the case of tin it frequently 
either spreads out into a flat mass, technically called a 
jroor, or on the other hand thins into mere filaments or 
strings, and occasionally dies out altogether, leaving 
the miner to infer the path he should pursue from 
the occurrence of vein-stones or shodes, as they are 
called, which, though barren in themselves, are va- 
laable as affording a clue to the re-appearance of 
richer deposits. These stones are partially rounded 
and apparently water-worn, and are found on the sur- 
face, or at very small depths below it. Their minera- 
logical characters nearly resemble those of the contents 
of the /odes or veins in the vicinity, of which they are 
presumed to be fragments removed by diluvial action. 
The proximity of veins is farther shown by certain 
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indications which rarely fail to point out their nearness 
te the surface. These are, the barrenness of the spot, 
the presence of shattered fragments of the stones above~ 
mentioned, and, occasionally, the harsh, metallic taste 
of the water of some adjacent spring. Veins of copper: 
are usually found in connexion with an earthy, ochreous 
stone locally termed gossan, which is of a red colour, 
and crumbles like the rust of iron. The peculiar sub- 
stance called killas, which has been described as a 
gneiss that has lost its schistose character, and be- 
come comparatively easy and free to work, affords 
another symptom of their occurrence. The lodes, or 
veins, both of tin, copper, and other ores, exist most 
frequently in the vicinity of granite, which is called 
by the miners their country. Metallic veins, also, 
usually occur contiguous to axes of disturbance, and at 
points which exhibit proofs of the action of fire. Since 
these circumstances are chiefly of local nature and 
origin, and are dependent on the charaeter of the indivi- 
dual formation to which they are referable, it will be. 
seen from these, and numerous other instances which 
might be adduced, that mineral substances present 
themselves under such diversified conditions, and amid 
such varied difficulties of research and acquisition, as a 
right knowledge of geology, and of the distribution of 
the several deposits, can alone enable us to overcome. 
Geo1oay APPLIED To THE Discovery or CoaL.— 
But there is a mineral substance more precious than 
silver, more valuable than gold, the occurrence and 
profitable diseovery of which geology alone is able to 
determine, and that subetance is coal. It is obvious 
that if the mines of the precious metals (unphiloso- 
phically so termed) were closed to-morrow, and gold 
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and silver no longer raised for the use of man, society, 
with some very considerable revolution and difficulty 
in the mode of adopting other imaginary representa- 
tives of value, would go on nearly as before; but 
deprive civilized communities of their coal, and how 
fatal would be such a catastrophe to the welfare and 
happiness of the great family of mankind! Not only 
should we lose with this substance the best means of 
maintaining the genial warmth of our personal tempera- 
ment, and the health of our frames, as well as our clean- 
liness and comfort, but, from the scientific purposes to 
which our supplies of mineral fuel are now devoted, 
we should lose with the coal those advantages which, 
by the application of steam to the most essential wants 
of life, have raised us to our present eminent position 
asa people. No longer would our favoured country be 
the great factory for supplying the most important 
necessities of the whole family of mankind; no longer 
should we, with our commerce, convey the associate 
benefits of knowledge and civilization to the remotest 
regions of the globe; no longer should we all but 
triumph over time and space, and traverse the land with 
a rapidity which exceeds all anticipation and almost all 
belief, and the vast ocean with a swiftness and a cer- 
tainty which brings the far East, or the New World 
itself, within the voyage of a few days: our steam- 
power would be annihilated, and with it our prosperity 
and supremacy as a nation; our steam-engines would 
rust disused for want of fuel and supply; our factories 
would be closed; our railroads would fall into disuse ; 
our steam-ships would be dismantled; and the future 
historian of the revolutions of empires would date the 
decline and fall of the vast dominion of Britain from the 
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period when her supplies of mineral fuel were exhausted, 
and her last coal-field consumed ! 

That this is a calamity less remote than we may be 
accustomed to imagine, will appear from a consideration 
of the thinness and uncertainty of the seams of coal, as 
contrasted with the masses of rock with which they 
are associated. The attention of the public has, there- 
fore, been called to the destruction of small coal, by 
burning it at the mouth of the pit, for want of a 
market; an evil which is now, however, remedied to a 
considerable extent, in consequence of the recent 
discovery of a method of forming it into cakes of 
fuel; while the policy of sending it to foreign countries 
has been so strongly questioned, that the present 
ministry have imposed a tax on its exportation. It 
is, however, just to state that opinions are divided on 
this latter point; and that while Dr. Buckland, both 
in his Bridgewater Treatise, and in his recent address 
in retiring from the chair of the Geological Society, 
denounced its export abroad in terms of equal severity 
with its destruction at home; other parties, of whom 
Mr. Buddle is one, advocate its unrestrained exporta- 
tion, chiefly on the ground that, by imposing restrictions, 
we shall only stimulate other nations to discover it in 
their own territories, and thus to become independent of 
us for their supply. 

Such are some of the most important benefits con- 
nected with the discovery and the use of coal; and coal 
is a substance which geology may be said to claim 
exclusively as her own. The utility of the science 
consists not more in pointing out those situations in 
which coal may be presumed to exist, than in determin- 
ing those in which it cannot possibly occur; for while, 
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on the one hand, the limits of the coal-producing dis- 
tricts have been largely and beneficially extended, 
by means of researches undertaken in accordance with 
scientific views; on the other, enterprises have been 
commenced by persons ill-informed on the subject, 
which, being conceived and carried on in opposition 
to all sound geological principles, have terminated, as 
was inevitably foreseen by all men of science, in utter 
failure and dfsappointment. Some few years only have 
elapsed, since the deceptive appearance of lignite, or 
imperfect coal, in strata appertaining to the wealden 
formation, at Bexhill, in Sussex, on some land belong- 
ing to the Duchess of Dorset, induced certain parties, 
imperfectly acquainted with geological science, to pre- 
vail on her Grace to institute a search for coal; and 
it was not till after works of the most extensive and 
costly nature had been constructed, and an outlay of 
£10,000 incurred, that an enterprise, hopeless from the 
first, was at length abandoned in despair. Many attempts 
of like abortive kind have been made, from the county 
of Somerset to Wales; and Mr. Murchison, in his 
admirable work on the Silurian System, mentions 
numerous enterprises all similarly unsuccessful. In 
fact, there is scarcely a formation below the chalk in 
which researches of this kind have not been attempted. 
One of the most recent and the most ill-judged of these 
consisted in an endeavour made, a short time since, at 
the Kingsthorpe pits, within a mile of Northamp- 
ton. The author was at that time lecturing in the 
neighbourhood, and his opinion was requested as to 
the probable success of the undertaking. The geolo- 
gical site of the locality, which is about the middle 
of the oolite formation, was decisive of the futility 
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of the enterprise, and he therefore denounced it as 
mistaken, and strongly protested against its farther 
prosecution. His remonstrances, ae is usually the case 
on these occasions, were disregarded, as those of a 
mere theorist. It appeared that a person employed to 
sink a well near the spot, having bored through a bed 
of clay, which bore some slight resemblance to the 
clunch or clay which frequently overlies the coal, had 
advised the undertaking; and thus, on a fact of the 
most common geological occurrence, the similarity of 
one bed of clay to another, and ander the guidance of an 
uneducated workman, the speculation was set on foot ; 
@ joint-stock company was organized ; a large amount 
of capital subscribed by parties, many of them little 
able to sustain even a slight pecuniary loss; steam- 
engines were erected, shafts were sunk, and enormous 
expenses incurred. This was the situation of affairs 
during the visit of the author in 1839. The result 
may easily be anticipated: the works, after being ex- 
tensively prosecuted, were finally closed, and the enter- 
prise abandoned for want of funds, after an expenditure 
of £20,000! Such was the termination of an attempt 
which an acquaintance with the simplest principles of 
geology, as they will be detailed in future pages of 
this volume, would have decided, frem the first, to be 
fruitless altogether. It will thus be seen that the 
power which the skilful geologist possesses to deter- 
mune on the existence or non-existence of coal in any 
given locality, may be regarded as one of the most 
striking proofs of the importance and usefulness of 
the science. 

GEOLOGY AppLizp To Civit Encrnrgerimg.—At the 
present day, when nearly the whole of the British Isles 
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is about to be intersected with railroads, and when these 
magnificent enterprises require to be conducted through 
districts the most diversified and dissimilar in geolo- 
gical site and structure, a knowledge of the gencral 
principles of the science, and of the physical geography 
of the region which is to be the sphere of the under- 
taking, are highly important to the engineer. The 
nature and composition of the different deposits, vary- 
ing as they do from loosely coherent beds of gravel, 
sand, or clay, to rocks of crystalline texture and 
hardness, will often determine the choice between two 
proffered lines of road, or the course to be pursued in 
a certain district; for example, when the beds are 
loose and porous, they are frequently to be avoided ; 
while, on the other hand, a rock, though hard and 
crystalline, may present a valuable stone for masonry, 
and may thus repay the cost of penetrating it, since an 
excellent supply is to be procured on the spot, for the 
mere expense of quarrying the material. A due ac- 
quaintance with this science would also prevent the 
repetition of those mistakes which have proved so 
prejudicial to railways, such as the forming deep cut- 
tings in beds of London clay; a substance which, 
though sufficiently hard and trust-worthy during the 
summer, becomes so soft and yielding when saturated 
by the rains, and fractured by the frosts of winter, as 
to fall in, overwhelm the railway, and stop the traffic, to 
the great loss of the proprietors, and danger and incon- 
venience of the public. As regards the construction of 
these and other public works, an acquaintance with 
geology is, therefore, now found to be of such essential 
importance, as to constitute a part in the education of 
all who are destined for the profession of engineers. 


TO AGRICULTURE. 17 


Tue ConnEXxIoN oF GEOLOGY WITH AGRICULTURE. 
The cultivator of the earth is, in like manner, benefited 
by that insight into the structure of the globe which 
geology is enabled to supply; for as the superficial soil 
is usually derived from the disintegration of the rock 
beneath, an acquaintance with the nature and chemical 
composition of those rocks cannot but prove of indis- 
pensable utility in pointing out the most successful 
mode of cultivation. Those lands are most productive, 
and least liable to exhaustion, which contain a due ad- 
mixture of the three earths, clay, flint, and lime; but as 
the instances are comparatively few in which nature has 
bestowed the three substances in unison, it is the study 
of the scientific agriculturist to supply the deficient 
material, by the introduction of a counteracting sub- 
stance ; to correct, for instance, the moisture of clay 
soils, by the application of chalk and lime; and to 
remedy the dryness of sandy deposits, by a judicious 
tempering of clay. And lastly, by consulting a good 
geological map, and finding those districts the deposits 
of which are analogous to those of his own neighbour- 
hood, and learning the mode of cultivation most suc- 
cessfully pursued in those localities, he may ascertain 
the kind of tillage best adapted to his own. 

In the all-important operation of draining land, the 
knowledge of the strata of a district, and of the changes 
and disturbances which they have undergone, is alike 
calculated to be beneficial. A soil otherwise good may 
be rendered unproductive by resting on a bed of clay, 
under which is situated a porous stratum; and if the 
deposit of clay be thin, it may be bored so as to release 
the water, by guiding it into the perforation. The 
dislocations and faults of strata should also be studied 
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for the same object. In some cases these faults are 
mere cracks or fissures, pervious to fluids; in which 
case they may be made natural drains, to carry off the 
superfluous water. Occasionally they are filled with 
clay, or some similar substance impervious to moisture ; 
in which case they retain the water, which bursts forth 
in springs at the sides of the fault. By piercing the 
interposed clay, it is often possible to carry off the water 
more effectually, and with less expense, than by draining 
each spring in succession. 

Artesian Wreiis.—The inestimable benefit of water 
is another boon, which, under peculiar conditions 
of the district, geology enables the scientific agricul- 
turist to obtain. The Artesian wells, so called from 
their being conceived, though incorrectly, to have been 
first introduced in the province of Artois, in France, 
have been so frequently brought before the notice of 
the public, that the simplest outline will suffice to con- 
vey an idea of the principle on which the invention is 
founded. The annexed diagram represents deposits 
appropriate to the tertiary system, suppose the valley of 
the Thames. 


FIG. 1.—Artesian Well. 


The bed, ¢ a, is an impervious stratum of London 
elay; 5 6, a porous deposit of gravel or sand, both 
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resting on the chalk, ec; the whole forming a basin- 
like structure. The water whiok falls on the chalk- 
hills, e e, flows either into the chalk, or the porous bed 
above it, 56; and being forced upwards by fresh 
accessions, would rise to the top, were it not pre- 
vented by the clay above, aa. The geological en- 
gineer, by piereing either the bed, «a, or the chalk 
below it, releases the imprisoned fluid, which flows to 
the surface, and yields a copious and valuable store. 
The conditions are modified by local circumstances, but 
the above description will be found generally correct. 
A considerable ehange has recently taken place in the 
opinion of geologists and engineers, and whereas the 
beds above the chalk were formerly considered to yield 
the water, it is now conceived to be merely forced into 
them by upward pressure either from the ehalk itself, or 
the gault or blue clay beneath, which are acknowledged 
to be the primary sources of supply. The chief advan- 
tage of this invention consists in the circumstance, that 
we are, by this means, enabled to procure copious streams 
of water from depths, and under conditions, which 
would either preclude the sinking a well altogether, or | 
without such am expence as would impose a prohibition 
on the enterprise. The plan has been adopted with 
eminent success in the vicinity of our own metropolis : 
but the most important enterprise of this kind, is that 
which has recently been brought to a most successful 
termination in the Plaine de Grenelle, near Paris, 
where after boring to an immense depth, sufficient 
water is ejected in a few days, to supply all Paris far 
twelve months. 

Tux Reration or Grotocy ro ARCMITECTURE AND 
tHe Fins Ants.—Nor is the knowledge of this science 
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scarcely less essential to the architect and the student 
of the arts, since an acquaintance with its princi- 
ples affords a sure guide in the important object of 
selecting a good and durable quality of stone, and 
avoiding a perishable and unworthy material. Many 
of our public edifices, both in the capital and the 
provinces, are fast hastening to decay; several of 
the colleges of our Universities have required to be 
nearly rebuilt; and many of the newly erected 
churches, that of St. Peter’s, Brighton, among the 
rest, are in course of premature dilapidation, owing 
to the fragile and decomposing nature of the stone: 
while several of our ancient edifices which have become 
decayed, have been repaired with so faulty a material 
that old and new have speedily become one ruin. The 
Capitol, at Washington, in the United States, the 
finest senate-house at present in existence, is in a like 
state of disfigurement from the same cause. - The evil, 
in fact, in this country, has grown to such a magnitude, 
as to have effected its own cure. The attention of 
architects and men of science has alike been called to 
the subject, and on the recent destruction of the Houses 
of Parliament by fire, a commission, as is well known, 
composed chiefly of geologists, was appointed by govern- 
ment to survey the stone-producing districts, and se- 
lect the fittest materials for the construction of those 
edifices ; the senate of the land thus bearing testimony 
to the value and importance of geology, as regards this 
beautiful and important art. The stone recommended 
by the commission, is one appertaining to the magne- 
sian limestone formation; and thus, a material, pre- 
viously little known or employed, beyond the local 
sphere of its immediate occurrence, is likely to be 
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brought into extensive use. In addition to this brief 
outline, the architectural student will find ample and 
interesting information in the report of the commission 
in question, with the annexed tables of the principal 
quarries, and of the chemical composition and other 
qualities of the stone; as well as in an able paper on 
the same subject by J.C. Smith, Esq., a member of 
that commission, published in the Transactions of the 
Royal Institute of British Architects. 

CoNNEXION oF THE SciENCE wiTH ScuLprurE.— 
The sculptor is no less indebted to geology, and its 
associate science, mineralogy, in the choice of a material 
for the exercise of his art. Some of the finest produc- 
tions of the artist’s skill, owing to the choice of an 
unworthy material, have become chipped or decomposed, 
and have thus lost the finest lineaments of the features 
and the most delicate graces of expression ; or the stain 
occasioned by metallic admixture, orthe impure character 
of the limestone, has veined or disfigured the most 
perfect productions of art. The Greek marble of Pen- 
telicus was much disfigured from its impurity and 
admixture of metallic oxides; the Italian quarries of 
Massa and Carrara, which consist of an altered lime- 
stone, supposed to be of the oolitic series, are therefore 
preferred. Many ancient works of art are disfigured by 
the faulty nature of the material, and a celebrated chef 
@ceuvre of modern date, the Ariadne of Danneker, is 
spoiled from the same cause. It may be added, that 
the Jate Sir Francis Chantrey was so well aware of the 
value of knowledge of this kind, that he was himself a 
proficient in mineralogy and geology, and left a splendid 
collection ; his performances are therefore faultless, as 
regards the quality of the material. Even where these 
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actual defects have not existed, the beauty and effect 
of a statue are known to depend, in a material degree, 
on the more or less crystalline character of the stone, 
and the efforts of the artist are largely dependent on 
the quality of the substance on which he is employed. 
We have only to place a cast in plaster, beside the 
antique statue from which it has been modelled, to per- 
ceive, to how important an extent the expression of 
sculpture is enhanced by the purity of the material of 
which it is composed. It may here be incidentally re- 
marked, that many of our British marbles, those of 
Devonshire, Derbyshire, and Staffordshire, in particular, 
are exceedingly beautiful. They rival, in fact, those of 
Italy and Sicily, and, owing to the prevailing taste for 
everything foreign, are frequently sold for such. 

To Paintinc.—We may farther adduce the picto- 
rial artist as capable of deriving instruction of a 
highly valuable nature, from a science which teaches 
the physical geography of a country, and the prin- 
ciples which determine its scenery and aspect. Many 
paintings of celebrity and merit, in other respects, are 
irretrievably injured to the eye of taste, by departures 
from the truth of nature, which a knowledge of this 
science would have served to prevent. How absurd, 
for example, should we deem the error of that painter, 
who, if employed to depict some event which occurred 
in the southern district of our island, should array 
the scene in all the harsh and rugged features which 
characterise the primary formations of the north; as, on 
the other hand, how gross would be the mistake of the 
artist, who, in representing an occurrence which hap- 
pened in our northern districts, should mvest its stern 
and rugged outline with all the soft, undulating characters 
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which distinguish the southern scenery of our native 
land. Yet some of our most celebrated modern paint- 
ings exhibit faults as palpable as these, in which rocks 
are delineated and views pourtrayed in localities, where, 
owing to the physical geography of the district, they 
never could have existed. 

Rexation or GeoLtocy TO HeattH.—The connexion 
of geological position with health, and the salubrity of 
particular spots produced by geological causes, are cir- 
cumstances too obvious to require more than a casual 
mention here. The cleanly soil, clear air, and pure water 
of the chalk deposits, compared with the muddy ground, 
foggy atmosphere, and impure waters of the London clay 
formation; and the dry nature of a sandy region as 
contrasted with the dampness and malaria of a marshy 
spot, are all circumstances known and appreciated by 
medical practitioners, at least as regards their effects, 
though the causes may have possibly remained unno- 
ticed by those of the profession who have not made 
this science their study. 

The moral and social feelings of the inhabitants of 
particular districts are alike influenced by geological 
situation, and the enterprise of the islander, and the local 
patriotism and attachment to home of the mountaineer, 
and the native of primary districts, are (often without 
the coneciousness of the parties them elves) inspired 
by the physical geography of their native region. 

To Litgraturg.—The connexion of geology with 
letters, is evident from the distinguished merit of the 
works of its most eminent professors. The publications 
of Buckland, Lyell, Mantell, Murchison, Phillips, Sedg- 
wick, and others, are as much an honour to letters as 
they are to science; and the study, unquestionably, 
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owes much of its popularity and favour, among the 
most intellectual and influential classes of society, to the 
genius and the gifts of those who have made it so pecu- 
liarly their study. It would be invidious to particu- 
larise, but the selection of a few striking instances may 
perhaps be pardoned. There is scarcely a more beau- 
tiful or more perfect description than that in which 
Dr. Buckland® depicts, with his accustomed eloquence, 
a Silesian coal-mine with all its splendid scenery of the 
- graceful vegetable forms of the primeval earth. Dr. 
Mantell,t adopting the image of an Arabian writer, 
introduces an imaginary being, endowed with super- 
human longevity and power of observation, and, in the 
person of this fictitious observer, describes the chief 
geological mutations of our island in a style which 
combines the most perfect eloquence with the most 
accurate adherence to scientific fact. Mr. Lyellt has 
a passage, which forms one of those gems of philosophic 
truth with which the pages of this admirable writer 
are so profusely adorned. After noticing the remark of 
Lord Byron, 


“ The dust we tread upon was once alive,” 


a sentiment, the counterpart of which is to be found in 
Dr. Young, Mr. Lyell admirably observes that the 
philosopher transcends the poet, and that while the 
one can only utter the vague exclamation that inani- 
mate matter once was animate; it is the triumph 
of the other to describe the very form which it assumed, 
when endowed with all the faculties of existence. The 


* Bridgewater Treatise, vol. i. p. 458. 
¢ Wonders of Geology, fourth thousand, vol. i. p. 409. 
¢ Elements, second edition, vo’. i. p. 57. 
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works of Mr. Murchison abound in the most graphic 
descriptions of the wild and wondrous regions which 
he has so successfully investigated: those of Professor 
Phillips display the rare union of severe and minute 
investigation of facts, and mathematical accuracy of 
deduction, with the most graceful style of composition, 
and the most attractive charms of sentiment and feeling. 
A similar tribute is due to Professor Owen, to whose 
researches, memoirs, and publications, science is so 
deeply indebted; who, in his admirable orations, lite- 
rally ‘‘ bids the dry bones live,” and invests the stern 
inquiries and strict details of anatomical and physiolo- 
gical investigations with all the attractions of eloquence, 
genius, and taste. The orations of Professor Sedgwick 
evince the like combination of scientific attainment with 
literary excellence; and the writings of various other 
geologists might largely increase our list. Mr. Hugh 
Miller* has a chapter, descriptive of the influence of 
physical geography on the character and aspect of 
natural scenery, which transcends, in force and beauty 
of description, any production of similar kind with 
which the writer is acquainted; while it exhibits, at 
the same time, that acquaintance with the principles of 
science, to which the mere delineator of scenery, of 
course, makes no pretension. The fame, indeed, of our 
scientific literature has prevailed as far as civilization 
extends, and the American Professor Silliman, himself 
a philosopher and orator of the highest order, revered 
and honoured in both hemispheres, exclaims, in a tone 
of generous admiration worthy of such a mind, ‘‘ Who 
can write better than Lyell, Buckland, Mantell, and the 
other authors on the same science?’’ And echo may 
* On the Old Red Sandstone, p. 197. 
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repeat the inquiry from this side the Atlantic, and may 
answer, * Who?” 

MENTAL DisciPLINE oF THE ScIENCE.—Indeed, the 
highest and the noblest advantages to be gained from 
this instructive study, consist not in considerations of 
benefit or of detriment, in questions of profit or of loss, 
for these we might pursue to a much greater extent, 
but in the intellectual advancement and moral improve- 
ment which it is so well calculated to promote, and in 
its power of invigorating the mind, and purifying and 
chastening the feelings and the heart. If, as who 
indeed can doubt, the celebrated aphorism of Lord 
Bacon be true; and if all study, as he affirms, is to be 
valued not so much as an exercise of the intellect, but 
as a discipline of humanity; in other words, not in 
proportion as it may render us more clever and more 
acute than others, who may possibly not have enjoyed 
the same advantages with ourselves, but as it makes us 
better as well as wiser, and advances us in the scale 
of moral as well as intellectual being; what study can 
be more instructive and improving than that which, 
by teaching us to look into the beautiful and harmo- 
nious world around us, corrects and chastens our over- 
weening opinions of ourselves, removes and dispels our 
petty and inadequate ideas of nature, and substitutes 
more just, because more magnificent, views of the gran- 
deur of creation, and the perfections of its great and 
infinite Author. The studious and the observant, the 
moralist and the divine, may deduce from its varied 
contemplations lessons of the highest wisdom and in- 
struction; and our immortal bard, who has depicted 
almost every condition of human life, might seem to 
have had the modern geologist in view, and to have 
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described, with prophetie anticipation, his secluded but 
useful existence, and his unobtrusive but beneficial. 
occupation, in the well-known passage— 

“ And this our life, exempt from public haunt, 


Finds tongues in trees, books in the running brooks, 
Sermons in stones, and good in every thing !” 


EXERCISES. 


It may be necessary to premise, that the exercises 
proposed in the course of the following pages, will 
consist less of the formal arrangement of questions te be 
proposed, and answers to be returned, than of a recapi- 
tulation of the most important statements contained in 
each foregoing section, with the view of impressing 
them more strongly on the memory, and enabling the 
student to apply them in a practical manner. 

It will be obvious, that subjects of so general a cha~ 
racter as those contained in the preceding introductory 
ehapter, are little adapted for purposes of this nature, 
yet a few instances may, perhaps, be transferred to the 
common-place book of the student, or may advan- 
tageously be borne in recollection. 

1. Vary the definition of geology, by terming it, with 
Mr. Lyell, the inquiry into the materials of which the 
earth is composed, and the arrangement of those mate- 
rials ; with the collateral investigation into the races of 
animals and plants which at various periods have in- 
habited the globe; or describe it, with Professor Phillips, 
as the inquiry into the nature of sedimentary deposits, 
and their disturbance by igneous action, together with 
the natural history of animals and vegetables, &c. &c. 
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2. Collect instances of the practical application and 
importance of geological science, under local circum- 
stances, in addition to the instances here described. 

3. Give individual examples of the influence of 
geological site and position on the character of the in- 
habitants of peculiar districts, as, for instance, the 
energy of the islander, the local attachment of the 
mountaineer, and the commercial spirit of the inhabit- 
ants of those districts which produce coal. The relation 
of the same causes to the salubrity of particular regions, 
and the health of their inhabitants, may afford like 
themes of illustration. 

4. Note the relation of geological principles with the 
art of mining in any district with which you may be 
acquainted. 

5. Seek either in the works of Phillips, Murchison, 
or other authorities, or from your own experience, or 
that of friends, examples of the successful or unsuc- 
cessful search for coal. 

6. Instance the advantage of an acquaintance with 
geology, as regards civil engineering, in the construction 
of canals, railways, and lines of common road. 

7. Study its connexion with agriculture, in the three 
particulars here mentioned—improvement of soils, drain- 
ing, and procuring supplies of water,—and note local 
instances of these relations. 

8. Inspect the stone buildings in your neighbour- 
hood, especially those of ancient date; observe, with 
particular attention, their north and north-western sides, 
and the comparative resistance which these have offered 
to the action of weathering. Remark if the stones be 
placed in the horizontal position which they occupied in 
the quarry, like a book placed on its side; or if their 
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position be vertical, like a volume placed on its end ; 
and if the latter, observe if the laminz, or thin flakes 
of the stone, have not peeled off, and the stone decayed 
in consequence. Ascertain the quarries from which the 
material has been obtained, and the geological formation 
or group to which such localities appertain. 

9. Collect the examples, which are numerous, in the 
history of the art, of statues, busts, &c., injured by the 
bad quality of the material. 

10. The practice of transferring to a es 
book any facts of general interest, will speedily enable 
the student to form a copious and highly valuable store 
of information. 
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In offering a brief outline of the progress of this study, 
we shall pass over the generally extravagant represen- 
tations of the ancient Oriental writers; though it is 
highly probable that some of their opinions, particularly 
those of the exceeding antiquity of our planet, which 
are ever favourite ideas with these authors, have origin- 
ated, not merely in the exuberance of Eastern fancy, 
but have been suggested by an examination of the 
physical structure of our globe. 

We find in the works of several of the most distin- 
guished philosophers and poets of classic antiquity, 
frequent allusion to the phenomena of geology, and the 
occurrence of fossil organic remains. These remarks, 
however, are usually introduced with the view of 
illustrating other objects, and are seldom discussed as 
independent questions. In the destruction of ancient 
letters, the greatest loss which we have sustained, in 
this department of knowledge, probably consists in that 
of many of the works of Theophrastus, the writer on 
natural history, who, we are informed, wrote two books 
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on fossil skelis; a subject which could scarcely have 
failed to lead him into discussions as to their nature 
and origin, aud the agencies by which they had been de- 
posited and preserved. These writings are supposed to 
have been known to Pliny, and to have afforded him some 
information in that part of his history in which the 
Roman naturalist treats of fossil remains. Herodotus® 
Mentions the occurrence of petrified shells in the 
mountains of Egypt, with the view to prove that that 
country was once a gulf of the sea. 

Xenophanes, a Greek philosopher, a native of Colo- 
phon, in Jonia, and founder of the Eleatic sect in Sicily, 
who flourished 535 B. c., among a variety of puerilities 
and absurdities, promulgated some speculations which 
subsequent experience has proved to be correct. He 
contended for the antiquity of the earth, the vital origina 
of the shells which it entombs, and inferred from their 
occurrence the previous submergence of the rocks 
beneath the waters of the sea. 

Aristotle had learned from preceding observers many 
events which had occurred in the history of our globe, 
and has added some valuable observations of his own. 
From these he inferred, with singular accuracy, the na- 
ture of some of the most important geological agencies ; 
and the filling up of rivers, the formation of deltas, the 
elevation of certain regions by volcanic agency, the 
conversion of land to sea, and of sea to land, and the 
universal law of change, were phenomena with which 
he was fully and philosophically acquainted. Strabo 
affords evidence in his writings+ of having made still 


* Book if. sec. 12, 
ft See his Geography, book ii. chap. 8. 
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farther advances, commensurate with the more modern 
date at which he lived, and the progressive character of 
investigations of this nature. In discussing the chief 
problem of ancient times, the occurrence of fossil shells 
at great elevations and remote distances from the sea, 
he mentions, among others, an explanation (that of 
Xanthus the Lydian) which so naturally presents itself 
to the mind as yet untutored by science, that it is 
adopted by many who have not directed their attention 
to geology at the present day, which is, that the phe- 
nomena in question is occasioned by the diminution 
and retirement of the sea, in a manner analogous to the 
drying up of rivers, lakes, and wells in seasons of 
drought. The philosophic geographer, however, repels 
this, with similar hypotheses, such as that of Strato the 
naturalist, of seas having burst their barriers and formed 
new channels, and offers in explanation a_ theory 
which, in substance, has been adopted by modern phi- 
losophers, and proved by indisputable evidence to be 
correct. He boldly asserts that the cause is to be 
sought, not in changes of the sea, but of the land. 
After stating the extreme probability of a considerable 
portion of the existing continents having been suc- 
cessively sunk beneath and raised above the level of 
the ocean, he adds, ‘‘ The same Jand is sometimes raised 
up, and sometimes depressed, and the sea also is simul- 
taneously elevated and lowered. It results, therefore, 
that we must ascribe the cause to the ground, either to 
that portion which is under the sea, or to that which is 
inundated by it; but rather to that which lies under 
the sea, from its being rendered by moisture more move- 
able and susceptible of greater change.” He continues, 
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‘The real cause, I repeat, of all these changes is, that 
the bed of the sea is sometimes accidentally elevated, 
and sometimes depressed.” 

He subsequently enforces the necessity of consulting 
the existing phenomena of nature, with the view to 
explain the past, ‘‘ such,” he observes, “‘ as are daily 
occurring to our observation—the deluges, earthquakes, 
and elevations or depressions of the bed of the sea ; these 
are the causes of the rise or lowering of the waters.” 
He adds, that as experience shows that not only small 
islets, but islands, and even parts of continents, are 
raised from the deep, so they may again be engulfed 
beneath the ocean. 

It is highly interesting thus to ascertain that the doc- 
trine of modern causes, far from being a recent discovery, 
is invested with the sanction of very high antiquity. 
We may also observe one, among the numerous in- 
etances afforded by the history of scientific research, 
of some original observer or profound thinker effect- 
ing discoveries which are not only in advance of 
past, but even of his own and succeeding ages. His 
opinions, imperfectly understood and appreciated by his 
contemporaries, are neglected, perhaps derided, and 
for a period forgotten: Time, however, the great 
revealer of truth, renders justice to his discoveries, and 
his merits and his opinions are rescued from the censure 
or oblivion of his own age, to be honoured with the 
late but enduring homage of posterity. Thus Strabo 
was unquestionably acquainted with the nature and 
results of elevating causes. Leibnitz assumed the ori- 
ginal nebular condition of the solar system, and the 
incandescence and subsequent refrigeration of our pla- 
net,—a theory which the discoveries of later philoso- 
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phers have only tended to confirm. Linnzus, a century 
since, declared the calcareous rocks to be chiefly formed 
of organic substances,—an assertion which the investi- 
gations of the microscope have proved to be substantially 
correct. Dr. Toulmin, though doubted and disbelieved 
in his own day, has expressed opinions which contain 
the substance of the system of Dr. Hutton and the 
principles of Mr. Lyell; and the theory of Hutton 
himself, ill-understood in his own time, has become, 
by the eloquent illustrations of a Playfair, and the ad- 
mirable expositions of a Lyell, better understood and 
appreciated, half a century after its publication, than 
when it was first announced to the world. To resume: 
Lucretius, the contemporary of Julius Cesar, in his poem 
De Naturd Rerum,* among a mass of unfounded theories 
and vague speculations, states several facts of truth and 
importance. He attributes the formation of the earth, 
the seas, and the atmosphere to the union of elementary 
atoms, impelled by the laws of affinity; and though 
destitute of any positive acquaintance with palzontology 
or botany, he says, that before men and existing objects 
lived, the earth had produced beings of extraordinary 
form, and vegetables of enormous size. 

Ovid, in the celebrated passage of the 15th book of his 
Metamorphoses, while illustrating the system of Py- 
thagoras and explaining the law of universal change, 
which constitutes the essence of the doctrines of that 
philosopher, affords proof of acquaintance with geo- 
logical phenomena of considerable interest and im- 
portance, comprising, in fact, a summary of almost 
all the causes now in operation on the earth. They 
are so lucidly stated, and so ably explained by 
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Mr. Lyell,* that the reader is referred to his excel- 
lent work for more complete details, a selection of 
the most important being sufficient for the purpose 
of the present volume. Among the most striking 
are— 

The conversion of land to sea, and sea to dry land. 

The occurrence of marine shells at adistance from the 
ocean. 

The excavation of level plains into valleys, and the 
destruction of hills, and removal of their detritus into 
the sea. 

The change of marshes into dry ground, and of dry 
ground to stagnant pools. 

The issuing of springs during earthquakes, and the 
' drying up of others. 

The desertion of their ancient beds by rivers, and 
their reappearance in new channels. 

The uniting islands with main-lands by the growth of 
deltas and new deposits. | 

The insulation of peninsulas by the destruction of the 
isthmus which previously connected them with the 
maia-land. 

The submergence of land by earthquakes, and the 
phenomenon of cities appearing beneath a lake. 

The elevation of plains into hills. 

The petrifying power of certain streams, which con- 
vert the substances immersed in them to marble. 

The shifting the site of volcanic action. ‘‘ There 
was a time,” says the poet, ‘‘ when Etna was not a 
burning mountain, and a rime will arrive when it will 
cease to burn!” 

This celebrated description has attracted much 


* See the Introduction to his Principles of Geology. 
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attention, and the following lines, which commence it, 
have been quoted in almost every intreductory work on 


geology. 


“ Vidi cgo quod fuerat quondam solidissima tellus, 
Esse fretum, vidi factas ex mquore terras. 
Et procul a pelago conchz jacuere marine, 
Et vetus inventa est in montibus anchora summis, 
Quodque fuit campus, vallem decursus aquarum 
Fecit, et eluvie mona est deductus in equor.” 


The truth of the whole narrative will be generally 
acknowledged, with the exception possibly of the 
anchor found on the summit of the hills, which may 
be regarded as a mere poetic fable; like the beautiful 
but imaginary narrative of the destruction of the phoenix 
by fire, and its resuscitation from its ashes; or the 
explanation of volcanic agency, by the assumption that 
the earth is an animal, and that its mines of sulphur, 
taking fire, consume its internal unctuous substances, 
till these being exhausted, the flames die out for want 
of animal fuel! The last line, explaining the disintegra- 
tion of mountain-masses, and their transport to the bed 
of the ocean by aqueous agency, has been noticed by 
Mr. Lyell as somewhat obscure. May it be permitted 
to suppose a slight corruption of the text to have taken 
place, and to suggest the requisite emendation? The 
mere change of two letters, by substituting “ alluvie” 
for “‘eluvie,” will render this description of alluvial 
action perfectly clear and satisfactory. The mistake is 
one which might easily have been committed by a tran- 
scriber, and which, in the then imperfect state of natural 
science, might have passed unnoticed. 

Justin, to whom we owe the preservation of several 
curious passages of Trogus Pompeius, seems to adopt 
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the sentiment of that historian as to the igneous 
origin of our planet. He is of opinion, that the refri- 
geration having taken place at the poles, the Scy- 
thians must have been the first inhabitants of the earth! 
Livy has occasional notices of natural phenomena, 
disfigured, however, by his prevailing superstition. He 
informs us,* for instance, that at the period imme- 
diately preceding the death of Hannibal, fearful prodi- 
gies occurred. It rained blood, he states, for three days 
in the court of the Temple of Concord, and a new 
island rose out of the sea opposite to the coast of 
Sicily. The former phenomenon is ascertained to have 
been occasioned by an insect, a butterfly of the genus 
vanessa, which, on emerging from its pupa state, is 
known to emit drops of red liquor, so that a swarm 
of these creatures would naturally produce a shower 
resembling one of blood. <A circumstance of like nature 
which occurred at Aix, in France, in the year 1608, 
occasioned similar alarms, which were dispelled by the 
celebrated Peiresc, who had paid considerable attention 
to entomology, and the transformation of insects. The 
apparition of the new island has its analogy in the 
elevation of the volcanic isle of the Mediterranean, 
which rose from the deep,a few years since, and 
shortly after sank again beneath the waters. These 
natural occurrences, however, which modern science 
can thus easily explain, so terrified the superstitious 
Romans, as to induce them to decree a supplication 
of the whole people, to the altars and temples of the 
gods, to avert the calamities which it was feared such 
prodigies portended. 

The occurrence of fossil shells at a distance from the 
sea is noticed by several of the fathers, and in par- 

® Book xxxix, ¢. 6. 
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ticular by St. Augustin and by Tertullian, who adduce 
them in proof of the deluge. 

The knowledge of the subject possessed by the 
ancients, of whatever value or interest it may have been, 
was entirely lost during the benighted ages which suc- 
ceeded, when the darkest ignorance prevailed respecting 
our earth; andthe monuments of its physical history were 
associated with tales of the grossest and wildest nature. 

It may, perhaps, be permitted in a work such as 
the present, devoted to the use of the tyro and the 
young, to enumerate a few of the legends which re- 
ferred the phenomena of nature to the superstition of 
the times. There is, in fact, scarcely a single fossil 
object, which is not in some way mixed ap with absur- 
dities of this nature. Thus Pliny relates, that the tu- 
bular pointed shell dentalium was supposed, if used as a 
toothpick, to afford an infallible remedy for the tooth- 
ache. The ammonite shells were believed to be so many 
petrified snakes, and the history and mystery of their 
fate was conceived to be that, as they abounded in the 
vicinity of Whitby in Yorkshire, near the abode of 
St. Hilda, a female devotee of extraordinary piety and in- 
fluence, and as they constituteda very considerable annoy- 
ance, the inhabitants requested the saint to use her efforts, 
that the nuisance might be abated, and the snakes de-- 
stroyed, with which prayer the lady graciously complied, 
by first praying their heads off, and then praying them into 
stone! The legend is recorded in the poetry of Scott. 

“ And how the nuns of Whitby told, 
How of countless snakes, each one 
Was changed into a coil of stone— 
When holy Hilda prayed, 

Themselves within their sacred bound, 


Their stony folds bad often found.” 
MARMION, CANTO II. 
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To so late a period did this superstition prevail, that 
the author of a modern scientific work,* relates the 
imstance of a dealer, who having been requested by his 
customers to supply them with some of the creatures 
which had escaped decapitation, and to procure some 
snakes with their heads on; and being actuated by the 
natural desire to gratify his patrons, and dispose of his 
wares, contrived to manufacture some heads of plaster 
of Paris, and affix them to the specimens; and thus 
pursued a thriving trade, till some remorseless geologist, 
who visited the place, not only beheaded the reptiles 
at once, but showed that they were in reality no other 
than fossil shells; thus annihilating the snakes, and a 
profitable branch of business together. They are now 
manufactured at Whitby by filing the extremity of 
the last whorl into the shape of a snake’s head, and the 
accompanying illustration is from a specimen recently 
procured from that place. 
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Another legend, referring in like manner to a familiar 
foasil object, is also mentioned in the above-named 
* Sowerby, Mineral Conchology, v. ii. p- 9. 
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poem. The fragments of the stems of crinoidea so 
commonly found in the older deposits, being hollow, 
were frequently strung and used as rosaries in the 
middle ages; they were called St. Cuthbert’s beads, 
and are thus mentioned— 


Nor did St. Cuthbert’s daughters fail 


To vie with them in holy tale 
Sd bad ® % 


On arock by Lindisfarn, 
St. Cuthbert sits and toils to frame 
The sea-born beads, that bear his name.” 
MARMION, CANTO L 


These fossils bore, in Germany, the several names of 
spangensteine or bead-stones; roeder-steine or wheel- 
stones; Bonifacius-pfennige or St. Boniface’s-pennies, 
being found in great numbers on a mountain near 
Ganserode in the neighbourhood of Frankenhausen, 
which mountain obtains its name from that saint; 
while in Westphalia they are called hiinenthranen, 
from being considered the petrified tears of the giants. 
They are also variously termed millstones, cheesestones, 
basketstones, caskstones, &c., from their presumed re- 
semblance to those objects. 

The echinites were severally termed ombria from the 
Greek word opBpog, signifying the heavy rain in which 
they were supposed to fall; brontia from Bpovrn, the 
thunder in which they were also believed to be thrown 
to the earth; ceraunii lapides, from «epavvog, the light- 
ning by which they were presumed to be generated and 
formed in the air; chelonites, from the resemblance 
in their sutures to the shells of the tortoise, and ova 
anguinum, from having been considered by some as the 
eggs of serpents, 
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Various virtues and supernatural powers were. attri- 
buted to different minerals and fossil remains; they were 
worn as amulets and relics, and an especial value was 
assigned to the mineral harmotome, or cross-stone, on 
account of the sacred emblem of which it was conceived 
tobe thetype. Pliny relates that the Ethiopians attached 
great sanctity and value to ammonites, whether converted 
to stone or iron pyrites; they are still venerated in like 
manner by the Hindoos. The nummulite was the subject 
of many a German legend under the name of the bauern- 
pfennige, or peasant’s penny, and teufelsgeld, or devil’s 
money, under which appellation it was equally known. 
In certain parts of Spain, as recently as 1835, many 
individuals wore the terebratule shells in their pockets, 
as an infallible specific against cholera! The petrified 
teeth of sharks were alike conceived to act as a charm 
against various maladies. Under the name of glos- 
sopetr@ they were believed to be the tongues of serpents 
or birds. At Malta they were supposed to be those 
of vipers petrified by St. Paul, while at Krain in Ger- 
many they bore the name of teufelsklauen, from an 
idea there entertained, that the cvil spirit had torn his 
claws in the clefts and crevices of the mountain. 
The list of delusions may perhaps be closed with 
the fact, that the occurrence of the relics of the 
elephant and mastodon in superficial deposits, and the 
casual resemblance of the teeth of the latter animal to 
those of the human species, have unquestionably given 
rise to the fables which prevail in the mythology of all 
nations, of the existence of certain giants, who, having 
warred against the gods, were overcome by their celestial 
opponents, and crushed beneath the rocks. The most 
recent imposture, as regards this kind of organic re- 
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mains, is, perhaps, that of the skeleton which, in the 
reign of Louis XIII. was pretended to be that of Teuto- 
bochus, king of the Cimbri, who fought against Marius, 
The following are the circumstances which gave rise to 
the tale. 

On the 11th of January, 1613, in a sandpit near the 
Chateau de Chaumon, between the towns of Montricoux, 
Serras, and St. Antoine, some bones were found, several 
of which were broken by the workmen. A surgeon 
of Beaurepaire, named Mazurier, informed of this 
discovery, possessed himself of the bones, and contrived 
to turn them to good account. He gave out that he 
had found them in a sepulchre, thirty feet in length, 
upon which were inscribed the words Tcutobochus Rex. 
He added that, at the same time, he found fifty medals 
bearing the head of Marius. He published these stories 
in a pamphlet, by means of which the curiosity of the 
public being aroused, he exhibited, for money, the bones 
of the pretended giant at Paris and other cities. Gas- 
sendi mentions a Jesuit of Tournan, as the author of 
the pamphlet, and proves that the pretended antique 
medals were fabricated, their inscriptions being in 
Gothic letters instead of Roman:—as for the bones, 
after having been exhibited as above-mentioned, they 
were put by in a chest at Bordeaux, and it was not till 
after the lapse of two centuries, in destroying a theatre, 
la salle de Molicre, a few years since, in that city, that 
these royal remains were re-discovered, when they were 
recognised to be those of amastodon. The list of works 
cited by Cuvier as having been written during this con- 
troversy is extremely long and curious. 

A singular superstition grew up in Germany, under 
the following circumstances. The miners, who, in that, 
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as in every other country, are an extremely supersti- 
tious race, ascertaining that the occurrence of cobalt 
was unfavourable to their success, since when that sub- 
stance was found, metallic ores were rarely to be dis- 
covered, conceived such a horror of this mineral, that 
they regarded it as an actual demon. Der Kobbold, 
as he is termed, was the theme of many a legend and 
song; he figures as an actual personage in a highly 
imaginative drama, drawn by the heroic and gifted 
Kérner, Die Bergkrappen; and at an earlier period it 
was customary, m the mining districts, to put up 
prayers in the churches, for the protection of the 
miners against this foe to their hopes and success ! 

The form and appearance of many limestones and 
gandstones, which have been occasioned by the im- 
pression of some organic substance, in some instances, 
of a large bivalve, have given rise to various well- 
known legends of petrified vegetables and fruits, as 
peas, melons, and loaves of bread. The German Pro- 
fessor Bruckman enumerates a long list of these petrified 
loaves, which he states are preserved in various places, 
as the church of St. Peter at Leyden, at Schemnitz in 
Hungary, and elsewhere, the tale connected with them 
being, that some rich but hard-hearted person having 
refused a loaf to the poor, it was immediately converted 
into stone, and the Professor concludes his enumeration 
of these wonders with the appropriate ejaculation, ‘‘ Da 
nobis panem, Domine, in diebus nostris; non durum et 
lapideum sed frugalem et sufficientem: Give us bread in 
our time; not hard and stony, bat sach as is nutritious 
and safficient for our wants.” 

But an Irish legend on the subject, which was com- 
municated to the author by a friend, at the close of a 
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lecture, is, like all Irish stories, the most racy and 
characteristic, perhaps, of all the narratives extant on 
this theme. ‘‘ Sure, now,’’ said the informant, ‘‘ ye’ve 
not hard of our Irish laygend of St. Pathrick’s loaves. 
Well, I'll be telling it to ye. St. Pathrick was walking 
one day along the road, and ’twas very tired, he was, 
and very hungry, poor man! when he meets a stranger 
bringing a sack of loaves from the baker’s. ‘ Good 
morning to yourself,’ says St. Pathrick, spakin um civil. 
‘Same to you, Sir,’ was the reply, ‘ wid all my heart 
and soul.’ ‘ May be ye wouldn’t be giving me one o 
thim loaves ye’re carrin,’ says the saint, ‘ for its meeself 
that’s just dyin wid hunger.’ ‘May be I would,’ 
says the t’other, ‘ but its not loaves they are,’ says he, 
‘its stones they are, entirely!’ ‘ Well, thin,’ says 
St. Pathrick, ‘if they be stones,’ said he, ‘ I’d wish 
they’d be turned to loaves,’ says he; ‘ and if they be 
loaves,’ said he, ‘ I'd wish they’d be turned to stones!’ 
And wid that the sack fell down in the road, enough to 
break the man’s back, for it was loaves they were and 
not stones, but by the powers of St. Pathrick they were 
changed into stones, and they’re called St. Pathrick’s 
loaves all over Ireland at the prisent day !” 

Persons connected with museums and public collec- 
tions are often subjected to very considerable importu- 
nity, and occasionally to very ill-judged censure, in 
consequence of their declining to accept or to purchase 
objects so familiar as ammonites, elephants’ teeth, &c. ; 
respecting which the mistaken proprietors have con- 
ceived the most extravagant notions, and of which it is 
impossible to dispossess them, they considering these well- 
known specimens to be in the one instance fossil snakes, 
und in the other fossil cauliflowers, or other plants. 
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The catalogue of absurdities of this nature might be 
largely increased; and there is scarcely a district, the 
organic remains discovered in which have not given 
rise to similar absurdities or impostures. Yet while 
we smile at the errors and superstitions of the vulgar, 
we shall find “ the follies of the wise” and the absurdi- 
ties of philosophers to be no less deserving of ridicule. 
Voltaire entertained a strong dislike to the geologists 
of his day, because they sought to prove the universa- 
lity of the deluge and other events recorded inScripture, 
by referring to the phenomena of nature, as affording 
evidence of their reality ; hence he was so eager to deny 
‘the facts which they adduced, that he declared the pec- — 
tens found in the mountains of Italy to be no fossils, 
but merely the scallop-shells which had fallen from the 
hats of the pilgrims on their way to the Holy Land! 

The celebrated naturalist Scheuchzer, who with very 
considerable talents and attainments, possessed at least 
an equal share of credulity,—as was amply evinced by 
his conceiving the fossil plants of the coal formation to 
belong to existing types of vegetation, and fancying 
them to be ears of corn, flowers, pine-apples, &c.,— 
wrote, as is well known, a treatise on a fossil skeleton, 
under the title of ‘‘ Homo diluvii testis et theoscopos,” 
the object of which was to prove the remains in question 
to be those of an individual who had been destroyed by 
the deluge; but which the more accurate Cuvier de- 
cided to belong to a salamander, of extinct species and 
enormous size. A similar specimen is placed in the 
British Museum, (Mineral Gallery, Room III., case 1.) 


The accompanying illustration depicts the subject of 
Scheuchzer’s treatise. 
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A work was also published in this country about 
fifteen years ago, the professed object of which was to 
prove that the teeth and bones of elephants and masto- 
dons, discovered so abundantly in the superficial deposits, 
were not those of extinct races, but merely of those 
- animals which had been domesticated and employed in 
their wars, shows, and games, by various nations, Euro- 
pean and Asiatic. This opinion had been previously 
entertained in Italy and Sicily, and rejected by the 
savans of those countries. 

It may here be mentioned, that a ssagilay mistake 
has prevailed in modern times, with regard to a work 
containing some admirable figures of fossil shells, from 
the tertiary deposits of our island. Mr. Gustavus 
Brander, one of the trustees of the British Museum, 
having formed a collection of the shells of the Hamp- 
shire Basin, which he presented to that establishment, 
applied to Dr. Solander, who at that time superintended 
its fossil department, by whom they were described and 
published, with some admirable engravings, under the 
title of Fossilia Hanrtonensia; collecta et in Museo 
Britannico deposita a Gustavo Brander, F. R. S., &c. &c. 
Strange to say, though the above title mentions the shells 
as having been merely collected and deposited in the 
British Museum by Mr. Brander, and though in a Latin 
preface he expressly informs us, that he is indebted ‘‘ to 
the learned and ingenious Dr. Solander” for the scien- 
tific description of these objects, yet Mr. Brander has 
constantly been stated, even in some of the most recent 
publications on the science, as the author of the descrip- 
tions in question. The work is valuable, not only for 
the beauty of the figures, which are admirably drawn 
and engraved, but from the circumstance, that Dr. So- » 
lander, who was a pupil of Linnzus, was the first, in 
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this country, to apply the generic and epecific names of his 
distinguished instructor to the description of fossil shells. 

To resume: on the fall of the Roman empire, the 
natural sciences were cultivated with some degree of 
success by the Orientals, but we have no evidence that 
they acquired any farther knowledge of the structure of 
the earth than was possessed by the Greeks and Romans, 
and their inquiries were checked by the Mahometan 
clergy, who dreaded that researches of this nature 
might inspire a distrust of the Koran. The Koran itself 
also, by forbidding the representation of animals and 
of man, deprived science of one of its most useful 
auxiliaries, the art of design. 

It was not, as might naturally be supposed, until 
the revival of Ictters, about the commencement of 
the 16th century, that the phenomena of geology began 
to engage the attention of the nations of the West. 
Among the earliest inquirers into the subject, as Brocchi* 
informs us, are two, of whom letters and the arts may be 
justly proud ; Boccaccio, born at Certaldo, a small town 
of Tuscany, must have been accustomed from his child- 
hood to observe the immense assemblage of fossil shells, 
of which the hills of that region are so largely composed, 
that, as Targioni observes, they occasionally render the 
soil barren. In his romance of Filocopo, he takes oc- 
casion to mention them, and speaks of them with much 
emphasis, adducing them as proofs of the sea having 
once covered the land. 

The celebrated painter, also, Leonardo da Vinci, who, 
in conformity with the practice of that time, united the 
avocations of an architect and civil engineer with that of 
an artist, and had thus become acquainted with the struc- 


* Sse his Introductory Discourse to the Study of Fossil Conchology 
in Ttaly. 
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ture of the earth, and the phenomena of nature, eagerly 
took part in inquiries of this nature, and an opinion 
having been expressed that these objects owed their 
origin to the stars, this distinguished man denounced 
the opinion as absurd, and ridiculed the idea of such 
a cause being sufficient to produce the occurrence of 
different petrifactions in the same spot, as leaves, sea- 
weeds, and crustacea. 

Fracastoro, a celebrated physician and naturalist of 
Verona, to whose honour a statue was erected in his 
native town after his decease, is next cited as taking 
a similarly enlightened part in the two grand disputes 
then prevailing. The first of these was, whether fossil 
shells belonged to animals which had lived and multi- 
plied on the spot where these relics were found; a 
proposition, the affirmative of which he strongly main- 
tained, ‘ridiculing the idea of their having been occa- 
sioned by a certain plastic force, which, it was asserted, 
had power to fashion stones into organic forms. The 
second related to the question, whether these pheno- 
mena were caused by the deluge, a notion which 
he as strongly opposed, contending that the transient 
nature of this visitation, and the fluviatile character of 
its waters, were calculated merely to strew such objects 
over the face of the earth, but were quite insufficient to 
bury them in the strata of mountains, and at the depths 
in which they now lie entombed. Science, which had 
revived in Italy, soon diffused itself in other regions, 
and Germany, a country abounding in mines which 
presented admirable facilities for investigating the struc- 
ture of the earth, produced philosophers, whose ardour 
and genius contributed in an important degree to the 
advancement of philosophical knowledge. 

D 
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Conrad Gessner, who was born at Zurich, 1516, and 
died there of the plague in 1565, was one of the most 
learned and gifted men, not only of his own, but, it 
may be said, of all time. He is usually termed the 
Pliny of Germany; occasionally he is styled the Lin- 
nzus of his native land; and when we consider the 
comparative shortness of his life, the variety and extent 
of his attainments, and his proficiency in literature and 
philology, as well as in medical and natural science, we 
must acknowledge that while he resembled the immortal 
Swede, in the ardour and success of his inquiries, 
he may be said to claim the pre-eminence for the wider 
range of his inquiries, and the greater universality of his 
merits. His biography presents events of considerable 
interest: born of poor parents, his father being a furrier, 
he was assisted in completing his education, by his 
maternal uncle, Jean Frick, a minister, who perceived 
his dawning genius, and instructed him in literature and 
in botany as it was then known. But his uncle having 
died, and his father being killed in the battle of Zug, 
the youthful student saw himself compelled to seek his 
fortune abroad, and to finish his studies by the aid of 
charitable sympathy and private friendship. He was 
thus indebted to the kindness of the canons of Zurich, 
and to a young friend, a native of Bern, whose name, 
Jean Steiger, well deserves a record. In the pursuit of 
knowledge, he visited Strasburg, Paris, and Bourges, 
and returned to his native place to assume the duties 
of a schoolmaster; which occupation, however, he 
quitted for the practice of medicine. He subsequently 
became professor of Greek, at the university of Lau- 
sanne, obtained the degree of doctor of medicine at 
Bale, and continued to practise as a physician at Zurich, 
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pursuing his scientific labours in conjunction with 
the exercise of his profession. Having devoted his 
attention to patients attacked with the plague, which 
then unhappily prevailed, he perceived the symptoms 
of the malady on his own person, and feeling the attack 
to be mortal, repaired to his cabinet to arrange his 
papers, and calmly to await, like a philosopher, the ap- 


proach of death, which occurred on the fifth day of the: 


malady, in the prime of his life and powers, in the forty- 
ninth year of his age. He left a widow, but no children ; 
and the Gessners of his native city, who were so ccle- 
brated in the eighteenth century in letters and the arts, 
were descended from his uncle André, who was cele- 
brated in Zurich, for having received thirty-six wounds, 
at the battle of Zug, for having lived as many years 
afterwards, and attained the highest posts im the city. 
The pursuits of Conrad Gessner were of the most varied 
and dissimilar kinds, and his eminence undisputed in all, 


His favourite studies were philology and literary history, 
together with the theory and practice of medicine, asso-- 


ciated with the physical sciences as far as they were then 


known, comprising the study of botany, fossils, mine-- 
rals, geology, and the structure of the earth. He was 


equally skilled in the arts, and drew the illustrations for 
his various works, with a fidelity and skill which have 
frequently been acknowledged and admired. His most 
important literary production is his Bibliotheca Univer- 
salis, or catalogue of all known authors in Latin, Greek, 
and Hebrew, a work of immense learning and labour; 
as well as his Mithridates, a philological performance, 
in which we find the Lord’s Prayer in the twenty-two 
languages with which, like the monarch after whom 
his treatise is entitled, he was acquainted. He farther 
D2 


52 HISTORY OF THE SCIENCE. 


edited a great number of classic authors, and we owe 
to him the first translation of Alian. His most valued 
performance in natural history is his Historia Animalium, 
which may be regarded as the foundation of modern 
zoology ; while, as a botanist, he was the first to ar- 
range plants in the order of classes, genera, and spe- 
cies, and thus to raise this study to a system. His 
personal character was as amiable as his philosophical 
attainments were eminent; pious, and pure; gentle and 
unassuming, he was equally admired and beloved. 
Unambitious and modest, he sought neither preferment 
nor honour, yet he could not fail to attain both. He 
was ennobled by the German emperor, Ferdinand I., the 
year before his death, with the addition of armorial 
bearings, in commemoration of his studies and attain- 
ments, while science has associated his name with the 
productions of nature. The botanists of succeeding 
generations have consecrated a tulip, (Zulipa Gesneri- 
_ana,) and an American shrub, (the Gesneria, a genus of 
the family of the Campanulace,) to the memory of so 
hallowed and revered a name! We may add, that when 
a descendant of his family studied medicine under Boer- 
haave, that philosopher, from respect to his memory, 
begged to be excused from taking the usual fee. 
Agricola, who, in conformity with the usage of the 
time, latinized his German name of Bauer into the 
above appellation, by which only he is known in science, 
was born in 1494, at Gleuchen, in Misnia. He first 
studied at Leipzig and subsequently in Italy, under 
those savans who then rendered that land the country 
of science and Jetters. He next devoted himself to the 
practice of medicine at Joachimsthal in Bohemia: but 
his taste for the physical sciences, especially for metal- 
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lurgy and mineralogy, soon engaged his exclusive at- 
tention. He repaired to Chemnitz, the site of the rich 
mines of the electors of Saxony, descended into those 
subterranean excavations, and from sharing in the re- 
searches and labours of the workmen, acquired a com- 
plete knowledge of the theory and practice of mining 
operations. He was, however, too much in advance of 
his age to command its sympathy or assistance. It was 
in vain that he urged on the sovereigns of the country 
the importance of mining operations, and assured the 
dukes of Saxony, that the subterranean portion of their 
states was of higher value than its mere superficial 
surface. The remonstrances which he enforced were 
unheeded, and the assistance which he sought was with- 
held, yet he was by no means discouraged from pursuing 
his theoretical researches into science, and published a 
number of highly useful works on metallurgical, mine- 
ralogical, and geological science. He is considered to 
have been to these studies, what Conrad Gessner was 
to zoology, and to have been the first who directed the 
search after minerals and metals, on the principles 
of natural philosophy and the rules of enlightened 
theory. His most celebrated works are his treatise, 
S¢ De ortu et causis Subterraneorum,” and ‘‘ De re me- 
tallica.” His learning and attainments, though valu- 
able in themselves and remarkable for his era, were 
insufficient, however, to free him from the prejudices of 
his age ; and he continued a firm believer in the existence 
of gnomes and evil spirits, and their power to frustrate the 
efforts of the miner. He died in 1555, at Chemnitz, 
where he filled the posts of Stadtpaysicus, which may 
be rendered Public Naturalist, and Burgomaster. 
France boasts a distinguished philosopher of the same 
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era, in the celebrated Palissy, who was born in the 
diocese of Agen, in 1500, and is declared by his 
biographer, from his excellent qualities, to have been 
worthy the pen of a Plutarch. To this assertion we 
may add, that an instructive parallel, in the manner of 
that eloquent writer, might be drawn between this emi- 
nent man, who bears the title of the father of geology 
in France, and our own William Smith, who is honoured 
with a like designation in this country. Both were 
born of humble parents; both owed their education to 
their own efforts ; and both achieved the most important 
discoveries by their own unassisted energy. Both were 
land-surveyors by profession ; and both were induced by 
the natural talent and inclination of their minds, to study 
the structure of the earth, and look deeper than that 
mere surface, to which the studies of their vocation 
were confined. The philosopher of France, however, 
whose carlier lot fell on more “ evil times, and evil men,” 
than was the case with our English geologist, endured 
the calamity of religious persecution. He had early 
embraced the principles of the Reformation, and though 
highly honoured and patronized by the most eminent 
persons of the opposite faith, among whom were the royal 
family and the sovereign himself, their protection was 
insufficient to guard him from the persecuting spirit of 
theage. The Parliament of Bourdeaux having decreed, 
in 1562, the persecution of the Protestants, though 
the Duc de Montpensier gave him a safeguard, and 
declared his atelier a place exempt from violence, he was 
himself arrested, his atelier destroyed, by order of the 
judges of Saintes, the town in which he resided, and the 
interposition of the sovereign himself was requisite to 
claim him and preserve his life. He was summoned to 
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Paris, and lodged in the Tuileries, to which protection, 
like the celebrated Ambroise Paré, he, doubtless, owed 
his escape from the massacre of St. Bartholomew. He, 
subsequently, formed a cabinet of natural history and 
physical science, the first established in Paris; taught 
publicly ; and, in his lectures, advocated various opinions 
which, then regarded as theories, have since been estab- 
lished as facts ; among the chief of which are the form- 
ation of minerals, and the vital origin of fossils and shells, 
which were then regarded as mere lusus nature; but 
which he proved to be true shells deposited by the sea. 
Yet his merits and his services, however great and ac- 
knowledged, were insufficient to secure him a second 
time from persecution; he became obnoxious to the 
league, and was arrested, by order of the Sixteen, 
and confined in the Bastile. The reigning monarch, 
Henry III., went to visit him in prison, and finding 
him inflexible in his religious opinions, ‘‘ My good 
man,” said the king, ‘‘if you cannot accommodate 
matters on the point of religion, I am compelled to 
leave you in the hands of my enemies.”’ The reply 
was worthy of a hero of antiquity, for, in fact, 1t was 
dictated by a higher enthusiasm and a holier courage, 
—‘‘Sire,” replied the venerable sage, ‘those who can 
compel you can have no power over me;—for I know 
how to die!” The Duc de Maine, though unable to 
effect his deliverance, found means to retard his trial: 
and he terminated in prison (1589,) a life which he had 
honoured by great talents and rare virtues. He was a 
man of remarkable genius and attainments, obtained 
considerable fame and reputation as a painter; and 
devoted fifteen years of painful toil and research, during 
which he endured the extremity of poverty and want, 
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to discovering a peculiar method of enamelling earthen- 
ware. On achieving his object, and perfecting his figures 
of this materia], to which he gave the name of rustiques 
Jigulines, (from the Latin, figulina, pottery,) they were 
highly valued, and purchased by princes and potentates 
in his own time, and are now inestimably prized by 
collectors and virtuosi. It is, also, to Palissy that 
agriculture is indebted, for the discovery of the use of 
marl as a mineral manure. 

To revert awhile to Italy; the progress of natural 
history in that country, during the corresponding period, 
may be estimated from the taste which arose towards 
the close of the sixteenth century, for forming and de- 
scribing collections; pursuits which may be regarded as 
the most legitimate and instructive mode of studying 
the science. The richest collection, as we are informed 
by Brocchi, then existing in Italy, and perhaps in 
Furope, was that of the Vatican, formed under Pope 
Sixtus V., and arranged, described, and figured by 
Mercati, whose amount of philosophic knowledge may, 
however, be estimated by the fact, that he attributed 
fossils to the agency of the celestial bodies. The col- 
lection of the Vatican was dispersed soon after the death 
of Mercati, but others were formed at Verona, Naples, 
Milan, Bologna, and other cities of Italy, which soon 
led the way to more just and enlightened opinions. 
Thus Cesalpini, the botanist (1596,) may be mentioned 
as one of the earliest who determined the real nature of 
fossils, ascribing them, in distinct terms, to “the retiring 
of the sea and the Japidification of the soil.”” The distin- 
guished Fabio Colonna, another botanist of eminence, - 
(1626,) achieved a still farther progress, and showed 
not only the reality of shells, but ascribed them to dis- 
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tinct genera and species, proving that some were refer- 
able to marine, others to fresh-water kinds, and that 
the teeth found with the marine:species were not those 
of serpents, as had been supposed, but of sharks. He 
farther points out the difference, first of the petrified 
shell itself; secondly, of the mere impression; and, 
thirdly, of the cast which the decomposition and disap- 
pearance of the shell have left on the substance which 
it has inclosed. Steno, as he is called by the Italians, 
but whose name in his native tongue is Nicolaus Sten- 
son, a native of Copenhagen, naturalized in Italy, who 
flourished about the middle of the seventeenth century, 
was an able anatomist and physiologist, one of the 
earliest who observed and described, with accuracy, the 
muscular and nervous systems, and the structure and 
functions of the brain. He alike directed his inquiries 
to mineralogy and geology, and his work, the quaint 
Latin title of which, De Solido intra Solidum contento, 
may be translated, ‘‘ A Treatise on Minerals and Fossils 
contained in solid Rocks,” displayed many sound and 
philosophic principles, which, however, were mingled 
with several of the prevailing errors of the time, and in 
deference to existing prejudices, were rather submitted 
as propositions than affirmed as facts. He contended 
for the vital origin of fossil remains, but considered that 
they might have been produced by the Noachian de- 
luge. He farther assumed, that fossil vegetables are 
the remains of once living plants, and that the moun- 
tains are of secondary origin, formed since the creation 
of the earth itself, He was a man of very powerful and 
gifted mind, highly improved by careful study and cul- 
tivation, and would, doubtless, have effected much 
more for science, had not his attention been called away 
D3 
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to other objects. Having been appointed by the Grand 
Duke of Tuscany, Cosmo III., tutor to his son Ferdi- 
nand, he was induced to embrace the Catholic faith, to 
quit the medical, for the ecclesiastical profession, and 
was thus led into various controversies with the minis- 
ters and professors of the reformed faith. Appointed a 
bishop (in partibus) by Pope Innocent X., he died, after 
various changes of abode, at Schwerin, 1687. His re- 
mains, at the request of the Grand Duke, were removed 
to Florence, and there interred. 

Scilla, a Sicilian painter, published, in 1670, a work 
on the fossils of Calabria, in which he vindicated the 
vital origin of these objects, ascribing them, possibly 
more from a wish to conciliate opposition, and avoid 
interference with the prejudices of the age, than from 
any real conviction, to the agency of the deluge. Qui- 
rini, however, (1690) in a work descriptive of fossil 
shells, expresses opinions far more liberal and advanced ; 
maintains that petrified shells cannot have originated 
from the deluge recorded by Moses; intimates that the 
scriptural relation of this event is not to be subjected 
to a strictly literal interpretation, and suggests, among 
other propositions, the idea that the visitation in question 
was by no means universal in its prevalence. In sup- 
port of these positions, he denies that bodies of such 
considerable weight could possibly have been floated to 
the summits of lofty mountains, or that the agitation of 
the waves could have produced such a result ; citing the 
statement of Boyle, then recently published, that the 
most furious storms affect the sea only to a moderate 
depth. He is still less inclined to the doctrine of the 
shells having grown in the waters of the deluge, on 
account of the brief duration of that event, and the fact 
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that the excessive rains must have deprived the sea of 
its saltness. He states his own opinion of fossil shells 
to be, that as earthy particles combine in the sea to 
form the shells of mollusca, the same crystallizing pro- 
cess might prevail on land, and that the germs both of 
shells and fish might have been disseminated in the 
substance of rocks, and there have been developed by 
means of humidity. It has been observed that such 
an opinion, however absurd, yet inasmuch as it contra- 
dicts the previous fallacies of the plastic power of the 
earth itself, of the influence of the celestial bodies, and 
other chimerical agents, forms a step in advance towards 
the discovery of the truth. 

Vallisneri (1721) was distinguished for the philosophic 
freedom of his doctrines, contending against the univer- 
sality of the deluge and the adequacy of such a cause 
to account for the existence of fossils. Moro (1740) 
advocated the efficacy of igneous causes, and demon- 
strated the elevation of mountains, and the occurrence 
of other phenomena, to have been caused by their 
agency ; while at the same time he strenuously con- 
tended for the literal interpretation of the six days re- 
corded in the Mosaic account as the period of creation, 
commencing first with the prevalence of water, and next 
of animals and plants. His system bears some resem- 
blance to that subsequently promulgated by Hutton, 
for which it may have furnished some ideas; and 
Mr. Lyell has admirably observed, that as, from the 
prolixity of his style and the novelty of his views, he 
required an expositor, the Scottish philosopher was 
not more fortunate in the advocacy of Professor Play- 
fair, than was Moro in that of his admirer Generelli, 
who, nine years after, delivered to the assembled Acade- 
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micians of Cremona a spirited exposition of his theory. 
It may be stated as a farther and singular coincidence, 
that as we owe to Professor Playfair, in later times, the 
idea of a destructive and conservative power in nature, 
which form a counterbalance to each other; Generelli 
concludes with enforcing the same principle, and con- 
tends that Providence has constantly raised from the 
deep, fresh mountains to supply the destruction or dis- 
integration of others,—a fact, he adds, which fully and 
satisfactorily accounts for the number of crustacea and 
other marine objects now found in many mountains. 

Marsilli (1740) showed the very important truth 
that fossil shells are not distributed at random, but in 
regular orders of families,—a fact which, somewhat later, 
(1750) was more fully and completely established by 
Donati. Targioni (1754) proved that the elephants 
whose remains were abundantly discovered in various 
parts of Italy, once existed on the strata from which 
their relics are exhumed; while Arduino (1759) made 
the important advance of classifying the rocks into 
primary, secondary, and tertiary deposits. 

Baldasari (1767) in a memoir on a fossil jaw-bone 
(that of a mastodon) enters into many philosophical 
speculations, and establishes several important principles 
of geology. One is, that the sea has certainly had a 
permanent abode on our continents,— a doctrine which 
he founds on the three convincing facts, of the regular 
distribution of marine objects in the strata of moun- 
tains, on the natural position presented by corals and 
polyparia, and on the circumstance that the calcareous 
strata are perforated by pholades. He inculcated, 
almost in the same words, the excellent principle which, 
Mr. Lyell informs us, was adopted by the early mem- 
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bers of the Geological Society, that it was necessary to 
collect materials before forming systems; and states 
that it is with this view that he calls attention to the 
fossil jaw in question, which was procured from Monte 
Pullonico, in the territory of Sienna, and which he cor- 
rectly refers to those described by Guettard, as having 
been discovered in America and India, and which are 
now recognized as those of the mastodon. 

Soldani (1789) is alike celebrated for the comprehen- 
sive nature of his inquiries, and the philosophic accuracy 
of his decisions. While he devoted especial attention to 
microscopic investigation, and published a_ splendid 
work on the minute zoophytes and shells, he formed 
the most enlarged views of nature; devoted his re- 
searches to the structure of the whole earth; and the 
action of water, the formation of mountains, and the 
composition of rocks were the objects of his patient 
studies and his enlightened publications. It may be 
cited as his highest eulogium, that he was too much 
in advance of his contemporaries to be esteemed or ap- 
preciated by them. His large work above-mentioned, 
published in 1789, was so coldly received by the public, 
that he was about to commit to the flames the greater 
part of the manuscript of the second volume, and ac- 
tually consigned to the brazier the whole of the copper- 
plates. But his writings, though scarcely appreciated at 
home, were prized and studied abroad,—in Germany by 
Fischer and by Moll, and in France by Montfort; while 
his countryman, Professor Ricca, called attention to his 
merits and pronounced his public eulogy some years 
after his decease. Brocchi adds, that he is, even now, 
scarcely honoured in proportion to his deserts, and in 
particular, that having been the first to call attention to 
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the occurrence, in various parts of Italy, of fresh-water 
deposits among those of a marine origin, his admirable 
observations have been passed over in silence by later 
writers, to whom, however, they could not have been 
unknown. 

The history of geological inquiry during the 16th 
and 17th centuries will be perceived to have consisted 
chiefly of a series of contests on these questions—the 
organic nature of fossil objects, and their deposition by 
the deluge ; a kind of compromise being usually effected, 
and naturalists conceding what they considered the 
minor point, the universality and power of the flood, in 
order to secure what was regarded as a more important 
object, the animal origin of fossil remains. Towards 
the close of this period, Leibnitz, in his Protogea, 
published those views of the original incandescence of 
our planet, and its subsequent refrigeration, which later 
inquiries have tended so largely to confirm. Another 
distinguished mathematician of the same era, Dr. Hooke, 
promulgated, in his writings, similarly just and en- 
lightened views of the organic nature of fossils—the 
extinction of species,—the former tropical climate of the 
earth,—the effects of volcanic action, subterranean and 
submarine,—the elevation and depression of the land, 
&c., &. The celebrated naturalist, Ray, had already 
lent the weight of his character and attainments to this 
new but progressive study; and Dr. Woodward subse- 
quently farther promoted its cultivation by bequeathing 
his collection to the University of Cambridge, and en- 
dowing a professorship of the science. The naturalists 
of Italy, already mentioned, Vallisneri, Moro, Generelli, 
Donati, Targioni, and others, prosecuted its inqui- 
ries with energy and success, and Linnzus directed 
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his all-comprehensive investigations to the structure of 
the earth. He contends against the universality of the 
deluge; arranges the different formations in a natural 
order of succession ; shows that the calcareous deposits 
are of vital origin, composed of zoophytes and shells, 
and proves that animal as well as vegetable remains 
have contributed to make up the solid crust of the 
earth. The distinguished Buffon contributed to the 
advancement of the science in France; and it may be 
considered a proof of the value and truth of his opi- 
nions, particularly those by which he declared that the 
existing continents are of later date than the earth itself, 
and are doomed to be destroyed before it, that he was 
compelled to relinquish them by the faculty of the Sor- 
bonne. The countrymen of Leibnitz successfully pro- 
secuted the same inquiries; and, in the year 1759, 
Lehman, director of the Prussian mines, a skilful min- 
eralogist and chemist, the discoverer of magnesia and 
barytes, published a work, in which he classified the 
rocks into a primary, secondary, and tertiary division, 
in the same year that Arduino, an Italian naturalist, 
proposed, as before-mentioned, a similar arrangement. 
The celebrated Emanuel Swedenburg, (1720,) in the 
early part of his career, acquired considerable proficiency 
in the physical sciences, traces of which are discernible 
in his later and more mystical writings. His publication 
entitled, Opera Philosophica et Mineralogica, in three 
volumes folio, with numerous engravings, was justly 
regarded as a most extraordinary performance. On its 
appearance, various learned bodies vied with each other 
in electing him a member of their respective societies ; 
and the Academy of Sciences of Paris translated into the 
French language, for their Histoire des Arts et Métiers, 
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his Treatise on Iron from this work, as affording the 
most valuable authority on the subject then extant. 
His scientific observations, though alloyed with the 
mysticism and extravagance which pervade his writings, 
contain some sound principles and instructive facts; 
and the nebular theory of the solar system, the original 
fluidity of our planet, the various preparatory changes 
of the earth, as opposed to the prevailing idea of its 
instantaneous creation in its present matured condition; 
the succession of various tribes of animals; these, 
with other assertions the truth and accuracy of which 
have been demonstrated by modern science, are the 
lights which shine through the misty maze of supersti- 
tion and absurdity of which his productions so largely 
consist. It may incidentally be noticed, that the 
writings of this extraordinary man evince that he was 
also acquainted with phrenology. 

Werner, who succeeded to the professorship of min- 
eralogy at Freyberg, in Saxony, in 1775, directed his 
views from that science to geology, and the general 
structure of the earth ; and, by his genius and eloquence, 
obtained for a lengthened period universal favour and 
popularity for his opinions, though they are now con- 
sidered erroneous, and even at the period of their pub- 
lication were recognized as being derived rather from 
the labours of his predecessors, than from any extensive 
or original researches of his own. As the summary of 
his system, it may be stated, that water was considered 
the universal agent in the formation of rocks, which, 
from the granite up to the most recent beds, were all 
regarded as aqueous deposits; while volcanoes, which 
in modern times constitute so important a cause in their 
production, were conceived to be merely of recent date, 
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and to have been quite unknown and inoperative in the 
ancient history of the earth. From the powerful and 
universal agency thus ascribed to water, his followers 
were termed Neptunists; while their opponents, who 
advocated the igneous origin of many rocks, and main- 
tained the action of fire, were termed Vulcanists; and 
as certain theological views were most unaccountably | 
and absurdly mixed up with this purely scientific ques- 
tion, —the partizans of Werner being, without any sound 
reason, regarded as the champions of orthodoxy, while 
their antagonists were, as unjustifiably, looked on as 
innovators and heretics,—this philosophical dispute was 
often conducted with the most unphilosophical bitter- 
ness and asperity. 

The great faults of Werner and his system, the 
dogmas of the universal operation of water, and the 
utter exclusion of an agent so obvious as fire, have 
long since been exploded, as the mistakes and weak- 
nesses of an early state of the science, which more 
mature investigations have sufficed to correct. His 
errors, both of theory and practice, are to be ascribed, 
as is usually the case, to the position of the man, and 
the prejudices which that position induced. As a min- 
eralogist, he was led, by his peculiar bias for classifica- 
tion, to apply a strict and contracted method of arrange- 
ment to phenomena, too vast and varied for so narrow 
a limitation ; and, in practice, he formed his conclusions 
as to the structure of the whole earth, from the partial 
investigation of a single district. Hence, his system 
has met with the fate of all those, the tendency of 
which has been to form extensive generalizations on 
few and insufficient data, and to determine the vast and 
universal operations of nature from observations of 
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local extent and limited influence. He formed a world 
on the model of the valleys of Saxony, (even these 
being hastily and imperfectly investigated,) rejected 
the possibility of igneous rocks, when the inspection of 
a trap-dike would have convinced him of their reality ; 
and denied the existence of ancient volcanoes, when a 
journey to Auvergne would have satisfied him of their 
existence. He was, however, a man of very high 
order of mind, gifted with genius, energy, and elo- 
quence; while, as a mineralogist, he was eminently 
acute and skilled in power of classification and arrange- 
ment, as well as in determining the order and succes- 
sion of local deposits. His very errors have served as 
a guide to later observers, who, warned by his ex- 
ample, first seek sufficient data before they presume to 
propose a theory, and visit the scene of inquiry ere 
they attempt to form a judgment as to the phenomena 
which it presents. When doubts were entertained as 
to the nature of basalt, Dr. Buckland, by a journey to 
the coast of Antrim, satisfied himself on the spot of 
its igneous origin. When rumours of the elevation 
of Sweden prevailed, Mr. Lyell, by two visits to that 
country, assured himself of the truth of these reports. 
And, at the present moment, our most eminent and 
active geologists, after having almost exhausted their 
native districts, seek in distant regions, in the deserts 
of Russia, or across the vast Atlantic for facts, by 
which to confirm their observations in British locali- 
ties; or to establish fresh generalizations and extend, 
by new discoveries, the previous limits of the science. 
Meanwhile De Saussure and Pallas had arrived at 
similar conclusions, by means of independent re- 
searches; the one by the exploration of Switzerland 
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and the Alps, and the other by that of Siberia and 
the Ural mountains, both recognising the existence of 
internal heat, and its operation in raising portions of 
the earth’s surface into mountains. 

To revert to native authors, we would call attention 
to a writer, whose opinions have not been mentioned 
either by Mr. Lyell, or Professor Whewell, though 
they certainly are highly deserving of notice. We 
allude to Dr. Toulmin, whose Essay on the Antiquity 
of the World was published about the year 1775. It 
affords an interesting example of the progress of public 
opinion, that sentiments which little more than half 
a century ago drew on their author the opprobrium 
of being a sceptic, are, at the present day, recognised 
by all the philosophers of the age, as by no means 
inharmonious with revelation. His opinions on some 
isolated geological facts are palpably erroneous; as 
when, for example, he conceives that the diminution 
of shadow cast by the mountain which overhangs the 
village of Castleton, in Derbyshire, is occasioned by 
a change in the axis of the earth, it being obviously 
caused by the gradual disintegration of the mountain 
itself; but the following, which are his general views, 
will be found not only to be correct m themselves, 
but to anticipate, to a considerable extent, the dis- 
coveries of later observers. He maintains that no single 
substance in nature ts either permanent or primary ; that 
the animals, the vegetables, the earths, the stones, the 
minerals alike take their origin in the gradual progress 
of time, and in its increasing suecession are alike 
exposed to innumerable transmutations ; that the globe 
itself, from a multitude of causes, is subject to the 
most slow, but interesting revolutions; that it under- 
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goes incredible changes from heat and cold, volcanoes 
and earthquakes; that vast alterations are perpetually 
made by the decay, generation, petrifaction, and other 
transmutations of vegetables and animals; that the sea 
is continually altering the very face of the earth; that 
in the lapse of time, it alternately encroaches on the 
dry land, takes it from its inhabitants, and restores it to 
them again; and that gradual but obvious influences 
occasion those numerous, but partial inundations which 
have been found to make such deep and lasting im- 
pressions, and have existed in every country, leaving 
behind them the most visible marks of ruin and 
devastation. The great conclusion of the author is, 
that nature is invariably the same—her laws immutable 
and eternal. 

The whole of the above remarks are highly instructive 
and correct, while many of them will be found to con- 
vey the substance of the systeins of later philosophers. 
The first passage, which we have distinguished by italics, 
contains the essence of the theory of Dr. Hutton; the 
second embodies some of the leading principles which, 
recently enforced by Mr. Lyell, were, at an earlier 
period, advocated by Dr. Hutton and Professor Playfair, 
and by the latter in language which would seem bor- 
rowed immediately from Dr. Toulmin himself. ‘‘ Amid 
all the revolutions of the globe,”’ observes the Professor, 
‘* the economy of nature has been uniform, and her 
laws are the only things that have resisted the general 
movement. The rivers and the rocks, the seas and the 
continents, have been changed in all their parts, but the 
laws which direct these changes, and the rules to which 
they are subject, have remained invariably the same.”® 


* Illustrations of the Huttonian Theory, § 37 . 
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The most distinguished opponent of Werner in this 
country, or, we should rather say, the complete refuter 
and destroyer of his system, was the philosopher already 
named, Dr. Hutton, a Scottish physician, whose opinions, 
on all essential points, were the very reverse of those of 
the professor of Freyberg, substituting for the limited 
views of the teacher of mineralogy, the more extensive 
generalizations of the observer of universal nature ; and, 
for data and decisions formed from one of the natural 
sciences, facts, and conclusions derived from nearly all. 

As the substance of his theory, he taught the follow- 
ing important and deeply instructive truths, which 
there is some difficulty in expressing in a condensed 
form. 

His first lesson is, that no geological phenomena 
afford any proof of the beginning of things. 

Next, that the oldest rocks are merely derivative 
compounds of the ruins of rocks which existed before 
them, and which were destroyed, chiefly by the slow 
action of atmospheric causes ; while their detritus, borne 
by rivers to the ocean, and loosely strewed over its bed, 
became consolidated by heat, and subsequently up- 
heaved and fractured. 

That the metamorphic rocks were originally sediment- 
ary deposits, similar to the secondary, but that they have 
been altered by the long-continued action of heat. 

That granite has crystallized from a state of igneous 
fusion, under conditions of heat and pressure. In other 
words, that it has been melted by fire, at great depths 
in the earth, and has cooled under pressure so vast as 
to have prevented the gaseous portions of its elements 
from escaping, and has thus assumed its present crystal- 
line texture. 
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Such is an imperfect outline of the celebrated system 
of Dr. Hutton; which has not only supplanted that 
of Werner, but has formed the foundation of the re- 
searches and writings of our most enlightened observers, 
and is justly regarded as the basis of all sound geology 
at the present day. 

If we examine the above propositions in detail, we 
shall only find them to have been confirmed by repeated 
investigation. The crystalline texture and igneous 
origin of granite admit of neither doubt nor dispute ; 
the metamorphic character of the succeeding deposits, 
the gneiss and mica-schist systems is equally clear, 
whether we conceive with Mr. Lyell, that the meta- 
morphism was complete, or with Professor Phillips,® 
that it was only partial. The remaining point, that of 
the derivative character of the aqueoug deposits, is a 
fact, alike undisputed; and the whole of these proposi- 
tions are only better understood, and more firmly 
established, after having stood the test of half a century 
of investigation. 

The most important and novel of the whole, the 
altered character of the metamorphic rocks, is conceived 
to have been fully demonstrated in theory by Sir James 
Hall, who, by pounding chalk and hermetically sealing 
it, so as to prevent its gases from escaping, and then 
exposing it to heat, converted it into crystalline marble ; 
the very result presumed to have occurred in nature, 
by the hypothesis of Dr. Hutton. In a practical point 
df view, the fluid nature of granite was considered to 
be proved by the investigations of the author himself, 
who discovered in Glen Tilt veins of granite, ramifying 


* Sco his Treatise on Geology, in Lardner’s Cyclopsedia, vol. i. 
p. 109. 
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ito superincumbent rocks, in a manner which could 
only have been effected by a substance ina melted state, 
a discovery which is said to have filled him with so 
much delight, that his guides, says his biographer, 
conceived that he must have discovered a mine of gold. 
His opinions are farther conceived to be demonstrated 
by the passage of these rocks into each other: by the 
graduation of plutonic into metamorphic deposits, and 
of the latter into others of decidedly aqueous origin ; 
of granite into gneiss, and of chlorite-schist and mica- 
schist into clay-slate, a fact demonstrating the intimate 
relation of each, and the common origin of all, proving 
them in short to be what he declared them, sedimentary 
deposits, altered by heat under pressure. 

Another individual, who has already been mentioned 
in these pages, unassisted by the advantages of wealth, 
station, or collegiate education, was, in the mean time, 
largely extending our knowledge, by a series of the 
most laborious, practical observations. William Smith, 
a surveyor, by dint of unwearied observation, and the 
natural powers of a mind unusually strong, had arrived 
at results, similar to those obtained about the same time 
by the most distinguished continental geologists, of the 
laws of superposition of the stratified rocks; having 
discovered, that the order of succession of the different 
groups was never inverted, and that they might be iden- 
tified at very distant localities, by their characteristic 
fossils. From the period of publishing his Tabular View 
of the Strata, in 1790, he continued his labours, under 
every difficulty and discouragement. Unaided, unpa- 
tronized, almost unnoticed and unknown, he pursued, 
alone, and on foot, a series of investigations, which ter- 
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minated in the publication, in 1815, of his Geological 
Map of England, a lasting monument of native powers 
and unwearied perseverance, and to which D’Aubuisson, 
a distinguished pupil of Werner, paid a just tribute of 
praise, observing, that “ what many celebrated mineralo- 
gists had only accomplished for a small part of Germany, 
during halfa century, had been effected by a single indi- 
vidual for the whole of England.” 

The remaining events which mark the history of 
the science, as regards this country, may be comprised 
in a brief epitome. The casual assembling of some 
friends for the transaction of business of scientific im- 
port, occasioned the wish for the continuance of meetings 
which were found to be as instructive as they were 
delightful, and gave rise to the Geological Society, an 
event, which more than any other, has promoted the 
advance of the science. Warned, by example, of the 
danger and difficulty of hasty generalizations, and im- 
perfect theories, its members wisely and carefully ab- 
stained, for a considerable period, from all attempts of 
this nature, and Mr. Lyell has recorded the intention 
and the eulogy of the society in the same sentence, by 
declaring the object of its supporters to have been to 
multiply and record observations, and patiently to await 
the result at some future period: while their favourite 
maxim was, that the time had not yet arrived fora 
general system of geology, but that all must be content, 
for many years, to be exclusively engaged in furnishing 
materials for future generalizations. A resolution thus 
judicious and prudent could not fail to produce the most 
satisfactory results, and the natural consequence has 
been, not merely to rescue geology from the suspicion 
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and distrust which once attached to it, but to render it 
the most favourite, as it unquestionably is the most 
fascinating, of all the physical sciences. 

Similar societies were formed in the capitals and 
provinces of the British empire, and of France, Germany, 
Belgium, &c. Some few years since, the savans of 
Germany conceived the idea of holding ‘annual meet- 
ings, for the purpose of scientific investigation, and under 
the unassuming title of Naturforscher, or Inquirers into 
Nature, of meeting and communicating the result of 
their labours and researches during the past year. 
The plan, like many a foreign invention, was eagerly 
adopted and rapidly improved in this country; the 
British Association for the Advancement of Science, 
was instituted some twelve years since, for a similar 
purpose ; among its objects geological investigation has 
ever formed a principal feature ; a considerable portion 
of its funds has been devoted to the assistance, not only 
of native, but of foreign inquirers, and the general 
interests of the science have been largely promoted and 
advanced by the aid of this Association. 

We have purposely omitted to dwell on the labours 
of French savans in the same field, because they are too 
well known and appreciated in this country, and the 
discoveries and writings of Cuvier, of Brongniart, of 
Elie de Beaumont, of Dufresnoy and their associates, 
will form the subject of too frequent mention in the 
course of the following pages, to require any particular 
notice here. 

To bring the history of the science down to the 
present moment, it may be necessary to advert both to 
the acta and agenda of its inquiries, and to mention both 
those questions and problems which are conceived to 

E 


74 HISTORY OF THE SCIENCE. 


be decided, and those which yet remain for determina- 
tion. Among the former may be regarded the rais- 
ing that group of rocks, named the old red sand- 
stone, into the rank of a separate series, under the 
name of the Devonian system. For a considerable 
period, doubts had been entertained, as to whether the 
red sandstone occurring in Devonshire was identical 
with that of Herefordshire ; the discrepancy between the 
two consisting chiefly in the fact, that the shells dis- 
covered in Devonshire are not found in Herefordshire, 
nor the fish of Hereford in the county of Devon. Mr. 
Murchison in his recent journey to Russia discovered 
both fish and shells in the same deposits: and the old 
red sandstone of Devon, Hereford, and Scotland, is 
now constituted a distinct series, under the title of the 
first of these various districts, as being the most abun- 
dant in organic remains. 

The discovery, by Professor Owen, of new forms of 
reptiles, has widely extended the sphere of those types 
of animal life, and proved the age of reptiles to be 
uo mere fancied epoch, as was once supposed, but a 
period which extended from the new red sandstone to 
the chalk; in other terms, through the vast cycles of 
ages, during which almost the whole of the secondary 
rocks were deposited. 

Mr. Hopkins has recently applied, in a highly suc- 
cessful manner, the principles of mathematical inves- 
tigation to the explanation of geological phenomena, 
particularly with reference to the dynamics of the 
science, the elevation of entire tracts of country, the pre- 
valence of anticlinal lines, and the nature of transverse 
fissures, and fractures occurring at right angles to the 
central rise. He has thus brought a fresh and power- 
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ful auxiliary into the field of geological research, and 
has supplied a new link between mathematical and 
physical science. 

The discovery of erect trees in the coal-formation, 
particularly of six splendid specimens found by Mr. 
Hawkshaw, on the line of the Bolton and Manchester 
Railway, together with the researches of Mr. Bowman, 
Mr. Logan, and others, has tended to modify, to a 
considerable extent, the opinions previously enter- 
tained as to the mode in which coal was deposited; and 
whereas it was formerly believed to have been generally 
distributed by drift, and but occasionally to have vege- 
tated on the spot where it is now discovered, the re- 
verse of this sentiment seems now to prevail, and the 
greater part of the coal is believed to have grown on 
or near the spot where it is now found, while the in- 
stances of drift, at all events, to any remote distance, 
are conceived to form the exception to this general 
rule. Certain coal-plants, moreover, the sigillaria, 
which have hitherto been regarded as appertaining to 
the monocotyledonous class, are now considered as be- 
longing, with more probability, to the dicotyledonous 
division ; and as the genus is numerous, such an altera- 
tion would change, to a considerable extent, the relative 
proportion of the two orders of plants of this formation. 

It may be added among the most recent advances 
in geological inquiry, that Mr. Murchison having some 
time since stated it to be his opinion that the Silurian 
deposits are the oldest fossiliferous rocks, recent re- 
searches have tended strongly to confirm this view, and 
to show that both the Cambrian and Cumbrian systems, 
which lie beneath, present so close an analogy, in many 
important points, with the Silurian, as to render it highly 
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probable that the whole will hereafter be regarded as 
one common series, that of the protozoic or earliest 
rocks which contain organic remains. 

Erratic Birocxs.—With reference to these pheno- 
mena, the large boulders and masses of primary rocks, 
which are found scattered over the superficial soil, in 
every country of the north of Europe, our own in- 
cluded, the weight of evidence unquestionably is in 
favour of the supposition, that they have been trans- 
ported by masses of floating ice, which, on melting or 
separating, have dropped these blocks to the bottom of 
the then existing sea. On this point, among other 
proofs, the evidence of M. Durocher, now professor at 
Rennes, in Brittany, who has attentively studied these 
boulders as they occur in the north of Europe, may be 
regarded as conclusive. His sentiments are in sub- 
stance as follows:—As the direction of the blocks is 
usually from north north-west, to south south-east, 
he conceives that in the first instance some powerful 
erosive agency has disintegrated and destroyed the 
mountains of the north, reducing their masses to blocks, 
which have accumulated at their feet on the coasts then 
in existence, while, at the same time, the rivers and 
streams have tranquilly conveyed the smaller detritus 
into the sea. During intense winters, masses of ice 
have embedded and floated away these blocks, thus 
lying on the coast; and such ice-bergs, on melting, 
have deposited the blocks in various directions. The 
elevation of the bed of the sea has subscquently brought 
them to light. 

Tue GriaciaL THEeory.—Among the agenda of the 
science, or the questions yet to be proved, or which 
may be considered as hitherto demonstrated only in 
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part, may be reckoned the glacial theory of M. Agassiz. 
This philosopher, having followed out the researches of 
Venetz, Charpentier, and others, and having arrived at 
the conclusion, that the glaciers of the Swiss Alps had 
formerly a greater extension, and reached as far as Mount 
Jura, determined to investigate the traces of their ex- 
istence in England, Scotland, and Ireland. The exist- 
ence of glaciers of far greater importance and extent 
than those existing at this moment, covering, in fact, 
the whole of Switzerland, and presenting an area of 
sixty leagues, with a surface of more than two hundred 
square leagues, seems to have been completely and 
satisfactorily established by the researches of M. Char- 
pentier, whose testimony is of the more value, because 
having at first been opposed to the hypothesis, he be- 
came, by the result of his inquiries, a convert to the 
theory of which he was before the opponent. But 
though the existence of these vast fields of ice, in Swit- 
zerland and its vicinity, seems to be thus demon- 
strated in a convincing manner, it is by no means so 
clear that the same phenomena existed in other and dis- 
tant regions; and even if they did prevail, it is not 
considered that they can account for the erratic blocks, 
which. we have already referred to another cause. 
As the result of the investigations of M. Agassiz in this 
country, he conceives that the markings and striations 
of the rocks observed in these districts are similar to 
those occurring in Switzerland, and testify the former 
existence of extensive glaciers in these regions. He 
farther applies their agency in explanation of many 
local phenomena; in particular, of the erratic blocks, 
and of the parallel roads of Glenroy, which are certain 
level terraces on the sides of mountains, previously 
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supposed to be ancient sea-beaches left by the retiring 
of the sea. His views have been warmly espoused 
both by Dr. Buckland and Mr. Lyell, though they 
have met with much opposition in Germany,* and 
though it is admitted that they scarcely account in a 
satisfactory manner for all the phenomena which they 
are adduced to explain, in particular the parallel roads 
above-mentioned; while Mr. Murchison, on his recent 
visit to Russia, found them alike insufficient to explain 
the erratic blocks strewed over vast portions of that 
country.t The late Mr. Bowman, in a communication 
to the editor of the Philosophical Magazine, has stated 
the ‘following objections to the conclusions formed in 
favour of the theory from the striated markings pre- 
sented by the surface of the rocks. He states that he 
has found these marks to pervade the internal struc- 
ture as well as the surface; and as they occur parallel 
to the plane of the magnetic meridian, he ascribes 
them to electro-magnetic agency, operating during 
the induration of the mass. Mr. Hopkins denounces 
the theory as contrary to every principle of mathe- 
matics and physics, in relation to the phenomena of 
several districts to which he has directed his researches ; 
and finally, Dr. Buckland, in the published edition of 
his admirable Anniversary Address, (1841,) intimates 
that the opinions of Professor Agassiz and himself as 
the supporters, and of their antagonists the opponents 
of this hypothesis, will probably be modified into some- 
thing like harmony of sentiment. These views are thus 


* Particularly from Studer and Von Leonhard, See the admirable 
work of the latter, Geologie oder Naturyrschichte der Erde, auf Allje- 
meine farsliche Weise abgehandclt, p. 487, Stuttgart, 1840. 

t See Proceedings of the Geological Society, vol. iii. p. 405, 


EXERCISES. 79 


expressed, in the usual felicitous style of this distin- 
guished and philosophic observer. 

‘‘The contest will probably be settled, as in most 
cases of extreme opinions and exclusive theories, by 
a compromise ; the glacialist will probably abandon his 
universal covering of ice and snow, and be content with 
glaciers on the elevated regions of more southern lati- 
tudes than now allow of their formation; the diluvialist, 
still retaining his floating icebergs as the most efficient 
agents in the transport of drift and erratic blocks to 
regions distant from their place of origin, may also 
allow to glaciers their due share in the formation of 
moraines and striated surfaces, in latitudes and at eleva- 
tions that are no longer within the zones of perpetual 
congelation.” 


EXERCISES. 


A subject so general as the history of a science affords 
little opportunity for exercises of a practical nature, 
while the brevity of our sketch renders recapitulation 
scarcely necessary. 

The student may, however, transfer to his note-book, 
and otherwise impress on his memory, a few of the most 
important facts here adduced. 

J. In perusing the history of the science he will ob- 
serve, as might indeed naturally be expected, that the 
most philosophic minds are usually in the right, in oppo- 
sition to the multitude; while, as we have before re- 
marked, some great and gifted observer progresses not 
only in advance of past ages, but even of his own and 
those immediately succeeding. Thus, both Aristotle and 
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Strabo had formed far more just ideas of the phenomena 
of nature than were entertained by their contemporaries 
in general; Pythagoras, or rather the author of the 
system advocated as his, in the passage which we have 
cited from Ovid, has observed many facts of importance, 
and has rightly understood their nature. The opinions 
both of Boccaccio and Leonardo da Vinci were similarly 
in advance of their age, as were those of Leibnitz, 
Linnzus, Toulmin, and Hutton. 

2. The progress of the truths of philosophy bears a 
striking analogy to the establishment of those of religion. 
The heresies of one period have frequently become 
articles of belief in that succeeding, and the martyrs of 
one age have been canonized or worshipped in the next ; 
the admiration due from contemporaries has been paid 
by posterity, and the philosopher has been honoured 
and applauded only when he was alike beyond the 
reach of human censure or approbation. 

3. The following may be regarded as the summary 
of the history of the science in modern times. The 
sketch will be sufficient to show that the progress of 
discovery has been most gradual and slow, and that 
every step in the march of philesophy has required to be 
obstinately contested and laboriously won. In the 
darker ages fossil remains were ascribed to the stars, or 
to some plastic power of the earth itself, or they were 
regarded as mere lusus nature ; in fact, their origin was 
referred to every cause but that which was alone capable 
of producing them. It was only by long and arduous 
contests that naturalists succeeded in establishing the 
organic nature of these objects; and this point could 
only be gained at the price of conceding the universality 
‘of the deluge, and ascribing their occurrence to that 
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event. It soon, however, became evident that such a 
cause was inadequate to explain all the conditions under 
which these objects occurred: for instance, that though 
it might have strewn them over the surface, it never (as 
has been before mentioned) could have buried them in 
the strata of mountains, or entombed them deep within 
the earth itself. Again, it was observed that marine 
shells were associated in one spot, while the fresh-water 
kinds were collected in another, and that similar genera 
and species were in like manner separated and arranged, 
although it was obvious that the flood here contemplated 
must have heaped all kinds promiscuously together. 
And, when at length more extensive observation showed 
that the same locality exhibited alternations of marine 
and fresh-water deposits—in other terms, that it had 
evidently been the site of sea and land over and over 
again—it was felt that no single event was adequate to 
produce such varied effects; and hence arose those 
more extended and more satisfactory views of the opera- 
tions of nature which constitute the principles of geology 
at the present day. 


CHAPTER IIT. 


FIRST LESSONS IN GROLOGY—HARMONY OF THE SCIENCE WITH REVELA- 
TION—EXTREME ANTIQUITY OF THE EARTH-—PROOPS OF THIS FACT DE- 
RIVED FROM THE STRUCTURE OF THE EARTH ITSELF-—SIMILAR EVIDENCE 
AFFORDED BY ASTRONOMY—ORIGIN OF OUR PLANET—INTERNAL HEAT 
OF THE EARTH—CRUST OF THE EARTH-—ORDER AND BUCCESSION OF 
THE ROCKS—TROPICAL CLIMATE OF THE ANCIENT EARTH—EFFICACY 
OF MODERN CAUSES, 


We shall take the opportunity, before we enter on 
the more practical portion of our subject, to state some 
of those leading principles and elementary facts which 
will serve as an introduction to the science, and tend to 
facilitate the future progress of the student: these we 
shall term our First Lessons in Geology. 

HARMONY OF THE Science wiTH REVELATION.— 
Among the most valuable and most satisfactory of these 
must be enumerated the conviction, which its very ear- 
liest inquiries serve to convey, of the perfect harmony 
of the science with revelation, and the groundless 
nature of those fears which many well-meaning but 
mistaken persons so needlesssly entertain of the pos- 
sibility of a collision between the two. This gratifying 
circumstance of the accordance of both will form 
the theme of too frequent and ample illustration, during 
the following pages, to require more than a casual 
mention here; and it may suffice to dispel the fears 
of those who may cherish such unnecessary appre- 
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hensions, if we state, that, in all essential points,—and 
we would particularly instance the date of the creation 
of man,—we find the records of Scripture fully and com- 
pletely confirmed by the evidence of physical fact. 
Nay, we may go farther, and add that this admirable 
study, so far from lessening our belief in the Deity, 
or our perception of His attributes, cannot but tend 
materially to enhance and confirm our appreciation 
of both. A science, the professed object of which is to 
enlarge and increase our knowledge of creation, cannot 
but expand and exalt, in a commensurate degree, our 
admiration of the Creator. Those who would pursue the 
subject farther may be referred to the works of all 
modern geologists ; the writings of a Lyell, a Buckland, 
a Delabeche, a Murchison ; the orations of a Sedgwick, 
the lectures of a Mantell, and, in particular, those 
of Dr. Pye Smith, will furnish arguments so eloquent 
and convincing, as must suffice to remove the appre- 
hensions of even the most sensitive and timid of in- 
quirers.* 

Insrructive Naturk or THE SciENcE. — Geology 
has this, in common with all the studies of nature, 
that it teaches the unphilosophical character of our 
habitual ideas and impressions, and warns us to doubt 
even the evidence of our senses, until it is proved by 
scientific investigation to be true. Thus, while as- 
tronomy begins by convincing us, that the sun which 
we see to rise in the east, and to set in the west, per- 
forms, in fact, no revolution at all, but that the ap- 
parently unmoving earth it is, which really performs 
the daily round; so geology commences her instruc- 


* See also an Essay on the Hebrew Language and Literature, by 
the Author. Sketches in Prose and Verse: Relfe and Co. 
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tions with truths not less, but even more repugnant 
to our pre-conceived sentiments and opinions, It un- 
folds the fact, that the present condition of our earth, far 
from being of primeval date and character, as is not un- 
frequently supposed, constitutes but one of the numerous 
vicissitudes through which it has passed in the course 
of its eventful history. The mountains which we deem 
of antiquity coeval with the earth itself; the hills which 
in our phraseology are ‘“‘ old,” toa proverb ; this science 
convinces us, are of very different dates, and have all, 
geologically speaking, been elevated at comparatively 
modern periods. Again, from the earliest times it has 
been the habit of man to associate the idea of stability 
with the land: and of fluctuation and change of 
level with the sea. Geology, however, demonstrates the 
very reverse of this to be the truth, and shows that while 
the land has undergone changes and disturbances the 
most violent and revolutionary, and has been the scene 
of elevation and depression, of intrusion and dislocation, 
on the most extensive scale; the sea, from its very 
nature, as a fluid, must have constantly maintained the 
same unaltered level. The stones and rocks, which we 
habitually regard as having ever been the hard, refrac- 
tory, and unyielding objects which we behold them now; 
science, by the external characters which they bear, by 
the gentle impressions of organic structure which they 
present—by the tender foliage of the plant—the de- 
licate markings of the shell—proves to have been thus 
imprinted when their substance was soft and soluble, 
and by this means convinces us that all stone, all rock, 
whatever now is bard, once was in the state of sand, of 
mud, or of fluid. These are but a few of the numerous 
instances which might be adduced, of the valuable and 
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instructive discipline of a science, which rids us of errors 
and prejudices derived from early habit and association, 
and implants in their stead more just and philosophical 
ideas of nature, and her Divine Author. 

ANTIQUITY OF THE Eartu.—Thus while we are ac- 
customed to regard our planet as coeval only with man, 
and as dating but from the five or six thousand years 
which science and revelation unite to prove as the era 
of his creation, geology demonstrates the far superior an- 
tiquity of the planet assigned for his abode. The mere 
investigation into the crust of the earth, that is, of the 
part accessible to human observation, will convince us 
that the substances of which it is composed, from their 
variety, extent, and order of succession, could only be 
the result of accumulation, continued through vast and 
incalculable cycles of time. We find that all the forma- 
tions are aqueous and fossiliferous, with the exception of 
the granite, and gneiss, and mica-schist systems; though 
even these, according to the highly probable opinion of 
many geologists, were originally of like nature with the 
rest ; the absence of stratification in the one instance, 
and of organic remains in both, having been occasioned 
by the intense heat which has reduced them to their 
present crystalline condition. The vast series of the 
remaining formations, and possibly even these, are there- 
fore the mineralized beds of primeval oceans, with occa- 
sional but rare interpolations of fluviatile and lacustrine 
strata; the deposits of seas, or of rivers, and lakes, bear- 
ing in their stratified arrangement, and the fossi] relics of 
the animal forms which once inhabited their waters, in- 
contestible proof of their sedimentary nature and origin. 
They are, it is well known, of immense extent and area, 
the marine-formations rivalling in space and grandeur 
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the vast Atlantic or Pacific; while the fresh-water floods 
appear to have vied with the enormous lakes and inland 
seas of the American continent at the present day. These 
aqueous accumulations, subsequently to their deposi- 
tion, have repeatedly undergone the action of disturbing 
causes; the eruptive rocks have broken through the 
sedimentary deposits; and volcanic ejections, terrestrial 
and submarine, have exploded from below, have pierced 
and shattered the superincumbent beds ; have forced and 
wedged their sheets of molten matter into the chasms of 
the strata they have divided; or bursting to the top, 
have poured their waves, and spread their terraces over 
the surface of the whole. Periods of intense volcanic 
activity have been followed by others of repose, which 
have again been succeeded by revivals of former energy ; 
so that frequent alternations of this nature, of enormous 
extent and duration, have occurred, even in periods which 
are regarded as the most modern in the history of the 
earth. 

In pursuing the natural and legitimate mode of inter- 
preting the past by the present, and observing the effect 
of similar agencies in existing nature, we are forcibly 
impressed with the slowness of these operations at the 
present day. Lakes are ascertained to shoal up, or de- 
posit sediment, in the proportion of only a foot in a 
century ; and even oceanic deposits are known to be 
correspondingly tardy of accumulation. Hence we find 
that during the entire historic period, the physical geo- 
graphy of our globe, with the exception of local and 
minor modifications, has remained unaltered. The oceans, 
rivers, lakes and mountains recorded in Scripture, form 
the physical features of the same regions at the present 
day ; and arriving at a more modern period, and at 
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localities less remote from ourselves, we find that the 
ocean which Caesar crossed, still separates the Briton 
from the Gaul; that the same rivers water the capitals 
of the same countries of Europe; while the same Ve- © 
suvius which overwhelmed Herculaneum and Pompeii 
beneath its ejections, still threatens the surrounding 
districts; and the same sub-marine volcanic agency, 
which, as we have mentioned, alarmed the Roman 
people, still continues in activity, and produces similar 
phenomena, at the present day. 

When, therefore, reverting from the present to the 
past, we contemplate those operations which have formed 
or modified the crust of our globe, and observe their 
extent and grandeur; when we find evidence, not ofa 
single change, but of cycles of mutations; of seas on 
seas: with alternations of dry land in the existence of 
forests, rivers, and lakes; together with proofs of vol- 
canic agency, with its long-continued intervals of action 
and repose ; and when we reflect that nothing is made in 
vain, but that every created object has its sphere of 
usefulness, and therefore of duration; and when we 
look on the fair and harmonious world around us, and 
examine the diversified materials of which it is com- 
posed, and the wondrous agencies by which it has been 
elaborated into order, fertility, and beauty, we cannot 
avoid the conviction, so irresistibly forced upon the 
mind, that operations thus complicated and extensive, 
and results thus admirable and perfect, must have re- 
quired an adequate period for their development; and 
that time, to an extent inappreciable, perhaps, by hu- 
man powers of calculation, must have formed an essen- 
tial element in the vast work of Creation. 

ANTIQUITY OF THE UNIVERSE PROVED BY ASTRONOMY. 
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—It is the profound remark of Lord Bacon, that we 
must seck the explanation of a phenomenon not merely 
in the investigation of that object alone, but by com- 
paring it with others of like nature with its own; and 
thus the antiquity of our earth, far from being inconsist- 
ent with the general plan of creation, is only in accord- 
ance with the most extensive and enlightened views 
which have been formed of the whole universe itself. 
The magnitude and grandeur of the phenomena which 
characterise the entire system, as far exceed those ob- 
servable in our earth itself, as the whole must be con- 
ceived to transcend the part ; and it may be stated, that 
if geology appear incredible, astronomy must seem im- 
possible ; yet, owing to the exact nature of the latter 
science, its truth and accuracy are of course susceptible 
of mathematical demonstration. The astronomer reveals 
facts so far surpassing our usual calculations and impres- 
sions, that the mind, unaccustomed to scientific inves- 
tigation, might be warranted in rejecting them as fables, 
were it not that he, at the same time, foretels an eclipse 
to the fraction of a minute, and thus proves his system 
to be true. For instance, there are stars so incalculably 
remote from our planet, such as can only be reached by 
the telescope of a Herschel, that their light would re- 
quire vast cycles of ages to arrive at our earth: and as 
these luminaries occasionally become extinguished or 
invisible, it results that we may actually be gazing on 
the light of a star, which has been lost to our sphere 
long before the creation of our race. Sir William Her- 
schel, in a paper in the Philosophical Transactions for 
1800,* On the power of telescopes to penetrate into 
space, a property distinct from the magnitying power, 


* Dr. Pye Smith, on Geology, p. 368. 
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informs us of the existence of bodies which only his 
telescope can reach, which are situated nearly twelve 
millions of millions of millions of miles from our 
earth: whence it follows, that the light by which those 
objects have become visible to us, must have been 
nearly two millions of years in its progress. And 
since Scripture and science combine to assure us, that 
the whole of the material universe was created at the 
same period, this fact alone is sufficient to invest our 
globe with an antiquity of two millions of years, since the 
light of so distant a star could not have reached us in 
a less space of time. And when we reflect that we can 
by no means assume these points, however remote, to 
be the limit of creation, and that if we were removed 
to those distant orbs, we should as it were behold, not 
the end of the universe, but only its beginning, and 
should observe fresh spheres of existence, of harmony, 
and of beauty, extending throughout illimitable space, 
we must yield up our doubts, acknowledge the insuffi- 
ciency of the finite to comprehend the Infinite, and 
cease from cavilling, to wonder and adore! 

Mopern Date or Man.—The comparatively modern 
period of the creation of man, and the inferior age of 
our race to that of the globe which we inhabit, is 
a fact revealed by Scripture and confirmed by science. 
The same internal evidence which convinces us of the 
extreme antiquity of our planet, affords the like satis- 
factory proof of the comparatively modern period of the 
origin of our species. The whole vast series of aqueous 
deposits are of course crowded with organic remains, 
with fragments of the weeds, plants, corals, shells, 
crustacea, fish, reptiles, birds and mammalia, relics of 
the vegetable and animal existence of the ancient earth ; 
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but no fossil remains of the human form have yet been 
discovered in the solid rocks themselves; or in any, save 
those accumulations of silt, or mud, which date from 
the most modern era—the yesterday, as it were, in 
the infinite history of the past. It is only in these 
accumulations of the historic period, that we discover 
_ the remains of even the most ancient families of man- 
kind: that in this country we meet with the implements 
or utensils of our British ancestors, or the coins and 
weapons of thcir Roman invaders; that in Italy we 
find the Cyclopean structures and works of art of the 
Istruscans, a nation who appear to have preceded the 
Romans in the occupation of Italy, and to have excelled 
them in civilization and the arts of life; while vestiges 
of the Pelasgi are alike discoverable in similar deposits 
in Greece; and in the new world, traces exist of the 
Tulteques, a people who seem to have been the pre- 
decessors of the Mexicans, and their superiors in 
knowledge and improvement. In the solid rocks, we 
repeat, no traces of man are discernible. Yet had the 
human race been really the aborigines of the physical 
history of our planet; had they actually existed in its 
primeval times, their remains would, unquestionably, 
have been found scattered throughout its varied deposits 
from the oldest to the most recent in the series. No 
impediment exists to their conservation; our bones, com- 
posed of the same elements as those of the animal races, 
are equally capable of being kept from destruction ; the 
same battle-field has preserved the bones of the horse 
and his rider; the same cavern which, in earlier eras, 
gave shelter during life to the hyena, and the bear, and 
retained their skeletons after death, has alike preserved 
_the remains of those human occupants, who, at a later 
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period, found, in the same retreat, a refuge and a tomb. 
But a still stronger proof of the modern date of our 
species exists in the obvious fact, that if man had really 
been an inhabitant of the earth during its early history, 
his skeleton, or the mere fragments of his osseous struc- 
ture, would have constituted the least of those relics 
which he would have bequeathed to the soil, of which 
he was an inhabitant. We should have discovered his 
mighty and majestic works, which so far transcend in 
duration his own ephemeral existence. We should have 
found his cities and his structures overwhelmed in the 
waters of ancient seas, or buried beneath the ejections 
of primeval volcanoes; his majestic pyramids sunk in 
the bed of early rivers ; his mountain-temples, hewn on 
the surface of the deepest and the oldest rocks; we 
should have encountered his bridges of granite and of 
iron ; his palaces of limestone and of marble ; the tombs 
which he reared over the objects of his affection; the 
shrines which he erected in honour of his God! But 
in the absence of these, or any other trace of man, in 
any, save the most superficial of deposits, we are com- 
pelled to acknowledge the chronology of Holy Writ; to 
recognise the complete and satisfactory accordance of 
science with revelation; and to admit that the existence 
of man has not extended beyond those five or six thou- 
sand years upon the earth, which the Scriptures assign 
as the period of his creation. It will be self-evident that 
this fact, like many others in natural science, far from 
lowering our ideas of the Divine perfections, serves only 
to strengthen and exalt them. It is, in fact, impossible 
to form a more magnificent conception of Infinite bounty 
and wisdom than that which reason and revelation here 
combine to offer: representing the Supreme Being as 
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first elaborating and perfecting our earth into one vast 
sphere of blessings; erecting, on a foundation of granite, 
a vast superstructure of sandstones, limestones, clays, 
shales, salts, coal, and the varied substances known as 
rocks : injecting their fissures and crevices with minerals 
and metallic ores; then, by the intrusion of volcanic 
agency, bringing these varied deposits near the surface, 
and so diversifying the soil as to present every variety 
of condition best adapted for its mineral, agricultural, 
and economical cultivation; tempering, as well, the 
climate to the degree best adapted for human health and 
enjoyment ; peopling it with animals adapted for the use 
of man, for supplying him with food, and assisting him 
in his labours; and, finally, calling man himself into 
existence, to take possession of a world, which Infinite 
wisdom and benevolence had thus prepared and per- 
fected for his reception and enjoyment. 

OriGIN oF THE EartH.—Though cosmogony forms 
no part of geology, which, we are expressly cautioned 
by one of the most eminent authorities on the science 
(Dr. Hutton), has nothing to do with the origin of 
things; yet we may fairly indulge in an enlightened 
curlosity as to the origina] formation of our planet, and 
scek the most probable explanation of the mystery of its 
creation. .Our guide in this inquiry must be astronomy ; 
we must look from the earth itself to the kindred 
spheres which surround it, and from that world which 
it presents to our apprehension, to that far more exten- 
_ sive universe, of which the entire solar system consti- 
tutes a merely minute portion. The hypothesis which 
1s conceived to offer the most philosophic and probable 
explanation of the origin of our earth, is termed the 
nebular theory ; it first originated in the researches and 
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discoveries of the late Sir William Herschel and his dis- 
tinguished son, and has been confirmed by the similar 
investigations of continental astronomers, as the cele- 
brated Laplace, Gauss, &c. &c. The subject has been 
farther illustrated by the eloquent writings of Professor 
Nichol, and has been generally adopted as the most 
rational theory yet suggested of the formation of our 
planet.* Asa brief summary of the hypothesis it may 
be stated, that Sir William and his son, in common 
with the foreign observers above named, were, for a 
lengthened period, in the habit of remarking appear- 
ances in the heavens, which appeared to them sufficient 
to account for the origin of new worlds. They observed 
that every portion of universal space abounds in large 
expansions of attenuated matter, reflective of light, 
which they termed nebule ; these appeared of various 
figures, and in different states of condensation, from that 
of an extensive luminous cloud, a mere shapeless film, 
to masses of more defined outline and denser structure ; 
thence to others which assumed a globular or spheroidal 
figure ; thus graduating, through every variety of form 
and aspect, up to orbs of light, and suns, and systems 
like our own. It is scarcely necessary to add, that the 
conclusions of these distinguished observers were not 
founded on the changes perceptible in any individual 
nebula, since the duration of our whole solar system, it 
is conceived, would be inadequate to elicit any change in 
the condition of any single one of these; but were drawn 
from the contrast afforded by the numerous bodies of 
this kind diffused throughout space, which exhibit every 
stage of change and progression. Our solar system is 
conceived to have been created by this agency. The 


* See Dr. Mantell's Wonders of Geology, vol. i. p. 22. 


94 NEBULAR THEORY. 


sun is inferred to have been alike the centre and parent 
of the system; for, existing primarily in the shape of 
a diffused nebula, it is supposed in the progress of rota- 
tion and condensation to have thrown off the planets of 
our sphere, as Herschel, Saturn, Jupiter, the Asteroids, 
Mars, the Earth, Venus, and Mercury, while the satel- 
lites are presumed to have been cast forth the last of 
the whole. 

It will readily be perceived that this supposed gaseous 
origin of our planet contains, within itself, all the condi- 
tions requisite for its succeeding changes, and its pre- 
sent state; it being considered that the earth has passed 
from a gaseous to a fluid, and thence to a solid condi- 
tion, as the varied processes of rotation, refrigeration, and 
condensation, have simultaneously proceeded ; the sphe- 
roidal form which it now presents, enlarged at the equator 
and flattened at the poles, being precisely that which 
would be assumed by a fluid body rotating on its axis. 
When the first thin pellicle cooled, and hardened on 
its surface, the general physical divisions of the globe 
are conceived to have taken place, and the varied phe- 
nomena of animal and vegetable existence to have 
commenced. As soon as this outer film became sufti- 
ciently firm to receive and to retain the contents of the 
surrounding atmosphere, the earth assumed the dis- 
tinctions of land and water, affording a sphere for the 
development of those germs of animal and vegetable 
life which exist in each, and giving rise to those phy- 
sical and vital phenomena which, under diversified con- 
ditions, now prevail in existing nature ; and the inves- 
tigation into the past history of which constitutes the 
object of geological investigation at the present day. 

To the mind unaccustomed to scientific inquiry, the 
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proposition that our globe itself, with all that it in- 
herits, owes its origin to a mere cloud of vapour, may 
appear as strange and startling as many other of those 
phenomena which it is the purpose of natural science 
to demonstrate and to explain. We have only to advert 
to so familiar an object as water, to show that this fluid 
may be reduced to the most varied and dissimilar con- 
ditions by the mere influence of heat, or by chemical 
decomposition. By lowering the temperature we freeze 
water into ice; by raising it, we thaw ice again to 
water; by an increase of heat we convert it to vapour ; 
while we can condense this vapour into water again, 
once more to freeze it into ice, or sublime it to vapour 
as we please. By chemical decomposition, we reduce 
it to its elements, the oxygen and hydrogen gases of 
which it is composed ; and by applying fire to these we 
produce explosion, and evolve the phenomena of light 
and heat from objects, which, when in combination, 
constitute a fluid. Metallic substances are capable of 
like transmutations from the most solid form to that of 
mere vapour; and these facts, combined with others, 
as the internal heat of our globe, its volcanic erup- 
tions, its vaporous exhalations and thermal springs, 
which latter have their rise, in some instances, from 
below the granite, serve to demonstrate the extreme 
probability of our planet having condensed to its pre- 
sent solidity, from the fluid or gaseous state: which 
this hypothesis assumes as its original condition. 
InreRNAL HEAT oF our Giose.—That our planet 
possesses a source of subterranean heat, is a fact which 
is demonstrated by the phenomena already mentioned. 
The increased temperature of wells and mines, the 
warmth of which augments in a very rapid ratio as we 
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descend; the vaporous exhalations of the earth, its 
streams of heated water, and in particular its volcanic 
eruptions, all prove the existence of such a cause. It 
is sometimes termed the central heat; but an objection 
has been urged against this term, and the epithets sub- 
terranean and internal proposed, on the ground that the 
heat, though of necessity subterranean and internal, is 
not of necessity central. To an agent thus powerful 
and universal many of the modifications of the earth’s 
surface are evidently attributable, as the fusing the 
melted rocks, and the altering those which are termed 
metamorphic, while its operation in existing volcanoes 
is alike evident. The only doubt of importance re- 
maining is as to the nature of these subterranean fires, 
a point respecting which the scientific world are divided, 
one section, among whom are Humboldt, Fourier, 
Cordier, and Arago, maintaining the views of Leibnitz, 
as to their resulting from the original incandescence of 
our planet; the other, attributing them to chemical 
agencies operating within the depths of the earth. 
Meantime there are various facts, such as the mean 
density of our earth, which is too small to allow of its 
being wholly a solid mass; together with the undula- 
tory motion observed in earthquakes, with other phe- 
nomena of similar nature, which lead to the conclusion, 
that a large part of the interior matter of our planet, 
and that part immediately in contact with the crust on 
which we dwell, is in a state of fusion by heat, and that 
we are existing on the mere external covering of a mass 
of molten fluid. The oscillations of such a fluid tend- 
ing towards different directions, will sufficiently account 
for physical phenomena of the highest relative interest 
and importance, such as the changes exemplified in the 
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nents from the bed of the ocean, the upheaval of some 
portions of the surface, the submergence of others, and 
the general variety observable in the configuration 
of our globe. These are questions which it is the 
peculiar province of geology to investigate, and which, 
though of immense extent and interest as regards 
the inhabitants of our planet, are of merely unim- 
portant value when contrasted with the dimensions of 
the globe itself, and are susceptible of the clearest ex- 
planation, by a reference to those laws of nature, the 
power and prevalence of which are of self-evident 
reality and truth. 

Crust or THE EartH.—We are naturally directed 
to this covering, crust, coating, or rind, Erdrinde, (as 
the Germans in their significant language appropriately 
term it,) of the earth, as the legitimate sphere of geolo- 
gical investigation. These terms are used in a general 
sense, and without reference to any theory as to its in- 
ternal structure or contents. It will be best understood 
if we describe it as that portion of our planet which is 
accessible to human observation. It is composed of a 
vast amount of substances more fully to be described 
hereafter, which, under the vague but convenient term 
of rocks, comprise every variety of element and com- 
bination, from loosely coherent beds of sand and gravel, 
down to crystalline rocks and masses of granite; and 
from the ashes and scoriz of volcanic ejections, to the 
hardest and most compact kinds of trap and basalt. 

It has already been observed that the crust of the 
earth, though of merely microscopic value as regards 
the dimensions of the globe itself, is of immense extent 
and importance with reference to mankind and the 
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organic beings which exist on its surface. As regards its 
extent, which is estimated at about ten miles, it bears, 
in a physical point of view, no greater relation to the 
mass of the globe itself than that which would be offered 
by a film of gold leaf coating the rind of au orange; 
but regarded under another aspect, it is the theatre of 
land and water, of mountain and valley, of ocean, river, 
and lake, and affurds a sphere for the existence of 
mankind, as well as of the animal, vegetable, and 
mineral kingdoms. 

Orver AND Succession or THE Rocxs.—The con- 
stant and unvaried sequence of the several geological 
formations constitutes one of the most important and 
useful lessons which this instructive science is calculated 
to convey, since on this fact, which may, at first sight, 
appear trivial or unimportant, depend some of the lead- 
ing principles of geology, and their most valuable and 
practical application. It is well known that at a period 
comparatively recent, before the researches of science 
had been so extensively and systematically pursued as 
is the case at present, the utmost ignorance prevailed 
as to the structure of the earth which we inhabit. It 
was looked upon as a mere mass of confusion, the very 
chaos of classic antiquity, where all incongruous and 
heterogeneous substances mingled, all antagonist forces 
strove confusedly together. It was known that at 
some places there were solid rocks at the surface, and 
at others there were not; but this was regarded as a mere 
matter of chance : their order, succession, and continuity 
were unsuspected ; for the laws which determine these 
results were undiscovered and unknown. It was re- 
served for geology to deduce harmony and regularity 
from the previous confusion,—to extend to an immea- 
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surable degree the domain of philosophy, and to en- 
hance our appreciation of the Supreme Being by re- 
vealing fresh spheres of his creative wisdom and power. 
The arrangement of the various formations may be 
represented by an alphabetical series from a to 2; and 
this order, though it is frequently imperfect, is never 
inverted. We often miss one or more terms in the 
series, and lose, say the 8, or h, or m, or even several 
letters in succession; but we never find the 0} taking 
place of the a, or the d preceding the c, or any member 
of the series usurping the position of another which 
ought to go before it: in other terms, we never meet 
with the entire series of deposits, but those which do 
occur invariably follow a regular order of sequence. On 
a fact thus simple and obvious depend not only many of 
the most essential principles of the science in theory, 
but several of its most important uses in practice; for 
example, the search for coal. This substance, as will 
shortly be shown, is deposited among the lower secon- 
dary rocks, in other terms, very deep in the series, 
about the position, suppose, of our presumed letter s. 
Now, as we have every variety of rock occasionally pre- 
senting itself at the surface, from the sand and gravel 
of the metropolis to the granite of Cornwall, every letter, 
in short, from a to 2, it follows as a matter of course 
that coal] can only be obtained in localities where the 
surface-deposit appertains to a formation immediately 
overlying the coal, (usually the new red sandstone,) the 
letter r, it may be said, of our imagined alphabetical 
series. If, therefore, on the one hand, the search for 
coal is undertaken, as at Northampton,* in localities 


* See page 14. 
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where the surface-rock lies considerably above the car- 
boniferous deposits, the thickness of the intervening 
beds presents mechanical obstacles of insurmountable 
difficulty, and the works are liable to be stopped by the 
impenetrable mass of the strata, or overwhelmed by 
their springs or floods, long ere the sought-for treasure 
can be obtained. Or if, on the other hand, the surface- 
deposit lies actually beneath the carboniferous strata, 
constituting the ¢ or », or any succeeding letter of our 
symbolical alphabet, (as Mr. Murchison mentions to 
be frequently the case in the Silurian region,) the 
search is equally hopeless, and the object is sought 
where it never has existed. Principles which are thus 
plain and simple, and the inferences from which are so 
natural and so self-evident, would seem too obvious 
to require even mention, were it not that enterprises 
altogether hopeless are constantly undertaken, and for- 
tunes squandered away, for want of a right understand- 
ing of propositions thus susceptible of the most easy 
and natural explanation. 

TRopicaL CLIMATE OF THE ANCIENT EArtH.—Among 
the varied and striking contrasts afforded by the past 
and present condition of our globe, must be enumerated 
the fact which is so clearly demonstrated by the cha- 
racter of the several formations, and of the organic 
remains which they entomb, that the tropical climate 
and character of production now limited to the imme- 
diate vicinity of the equator, once extended over the 
whole earth, the refrigeration and change to a lower 
temperature having been relatively sudden and of recent 
date. It is only, says M. Deshayes, in the second era 
of the tertiary period,* the miocene of Mr. Lyell, that 
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the climate of the earth has cooled, from a degree of 
heat exceeding that of the equator at this moment, to a 
temperature equivalent to that of Gambia and Senegal, 
while it is only at a third and more recent epoch that 
it has assumed an European character. These results 
are deduced from the comparison of a suite of fossil 
shells with a series of recent species, from the localities 
above-mentioned. The observations of Count Stern- 
berg, on the flora of the ancient periods, indicate ana- 
logous changes in the vegetation of these eras; while 
the discoveries of a Cuvier, an Owen, and a Mantell 
afford similar testimony as to the fauna of the primeval 
earth, and prove the extinction and substitution of suc- 
cessive races of animals. If we examine the whole of 
the fossiliferous beds with this view, commencing with 
the most ancient, we shall find that the organic remains 
which they contain, consist of polyparia and corals, 
such as are known to exist only at a short distance 
from the equator; of shells, chiefly referable to those 
of the torrid zone, while the crustacea are analogous to 
those of the Indian seas, and the fish bespeak a like 
tropical origin. Proceeding upwards to the coal, the 
earliest, and, with the exception of the wealden strata, 
the only evidence of the ancient earth afforded by the 
secondary formations, we find the testimony derived 
from the land confirming that deduced from the sea. 
We perceive the flora of that singular and instructive 
epoch to agree in its tropical character with the fauna 
of the oceans which preceded. The vast and over- 
whelming proportion of monocotyledonous over the 
dicotyledonous forms of plants, of trees allied to the 
fern, the palm, the cane and the bamboo; the rank and 
luxuriant nature of vegetable growth and develope- 
ment, giving to mere mosses and ferns the elevation 
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and magnitude of the loftiest forest trees ; the enormous 
extent of this vegetation, reaching, as it does, from 
Europe to Australia, and from this country to its anti- 
podes; these, with other characters, derived principally 
from the comparison with allied genera of existing tropi- 
cal plants, amply prove the earth, during this period of its 
history, to have possessed a universal climate, the heat 
of which was not merely as elevated as that of the tro- 
pical regions at this moment, but which, we are assured 
by M. Adolphe Brogniart, as far surpassed the tropics 
as they exceed the temperate zone at the present day. 
As we advance upward in the scale of formations, the 
proofs of the same fact become more obvious and con- 
clusive; since, on arriving at the new red sandstone, 
we reach that age of reptiles which the discoveries of a 
Mantell and the labours of an Owen have so firmly 
established and so widely extended; and finding rep- 
tiles of crocodile, lizard, or fish-like types, as far ex~ 
ceeding in size and proportions the lizards and croco- 
diles of the tropics as these surpass the diminutive 
reptiles of our colder regions, we perceive that a climate 
of ultra-tropical intensity must have alike been requi- 
site for the developement of forms of life, such as could 
not have existed in a less elevated temperature. And, 
when proceeding onwards, we find no evidence of refri- 
geration, until we reach the very modern period to which 
we have alluded, the concluding term of the tertiary 
series, we cannot resist the conviction that the ancient 
earth, during almost its entire history, enjoyed a uni- 
versal climate, the heat of which was not merely equal, 
but superior to that of the torrid zone. 

Various hypotheses have been proposed to account 
for so important a difference. Mr. Lyell has suggested 
that a reversal of the present distribution of the land 
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and sea would afford a sufficient cause, and has imagined 
that if a greater developement of land now prevailed in 
the southern hemisphere, and of the waters in the north- 
ern, a8 is presumed to have been the case in the early 
conditions of our globe, its ancient climate would be 
restored. Mr. Babbage, with considerable appearance 
of probability and truth, has sought the cause in the 
radiation of internal heat, suggesting that the accumu- 
lation of fresh deposits, and the substitution of sedi- 
mentary substances, which are a bad, for water, which 
is a good conductor of heat, may have been adequate 
to the result. Other inquirers, again, have referred the 
change to astronomical causes, and Sir John Herschel 
has recently suggested a theory, which has every ap- 
pearance of probability, and which is in substance as 
follows :—He first states that the amount of heat de- 
rived by the earth from the sun increases or diminishes 
with the eccentricity of the earth’s orbit; and that this 
eccentricity is known to be slowly decreasing. He next 
shows that the actual eccentricity of many of the planets 
is known to be very considerable indeed; and he con- 
cludes that we have only to form the very natural con- 
ception, that this eccentricity of the earth’s orbit has 
formerly been greater than it now is—equal, in short, 
to that of several of the planets at this moment, when 
we shall at once perceive, that the slow diminution of 
such eccentricity may have produced a refrigeration of 
climate, equal to that indicated by the geological phe- 
nomena under our review. 

Whatever be the cause, however, the fact is indis- 
putable; the tropical climate of the primeval earth is 
demonstrated by the universal character of its pro- 
ductions; and we are compelled to admit that a cause 
then prevailed, or, possibly, a combination of the causes 
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above enumerated, which was sufficient to overcome the 
effect of the diurnal and annual motion of the globe; 
in other terms, of the change of seasons, and to render 
its surface one vast hot-house, as it were, calculated for 
the growth of ultra-tropic forms, both of animal and veget- 
able existence; while the circumstance is one which the 
student must regard not merely as an abstract truth, but 
as a principle fraught with the most useful and instruct- 
ive application. No lesson in science is more difficult 
than that which teaches us to dismiss those impressions 
which early habit and association have rendered familiar, 
and to substitute for them opinions which, though more 
philosophical and correct, are strange and new. In 
investigating the ancient history of the earth, we must 
entirely dismiss all idea of its character as it exists at 
present; we must change land to sea, and sea to land ; 
we must transfer ourselves to distant regions, and to 
torrid climes ; we must regard its oceans as vying in 
extent and grandeur with the Atlantic or Pacific, 
abounding in corals, reefs, and islands, and with tropic 
forms of marine existence; its lakes must be inland 
scas ; its rivers such as rival the Amazon or Mississippi; 
its forests groves of ferns, canes, palms, bananas, and 
bamboos; its plains luxuriant savannahs, overgrown 
with rank grasses and gigantic reeds, giving shelter 
and subsistence to dragon-like types of life; the whole 
scene must present the panorama of a torrid clime, with 
its colossal forms of animal and vegetable existence ; 
and we must reverse the condition of all around us, till 
“ Nothing is, 
But what is not !” 

Arctic Cuimatg.—From various phenomena which 
have already been mentioned, in particular the occur- 
rence of erratic blocks, the presumed existence of ice- 


EXTINCTION OF VARIOUS RACES OF ANIMALS. 105 


bergs, glaciers, and fields of ice, as well as from the 
arctic character of many fossil shells, it is conceived 
that at a comparatively recent period, probably towards 
the close of the tertiary epoch, the tropical temperature 
of the ancient earth was succeeded by a climate of 
greater cold than now prevails in the same regions at 
the present day. 

EXTINCTION or various Races or ANIMALS.—This 
is a circumstance of so obvious a nature, that a mere 
notice of the fact wiil be sufficient for our present pur- 
pose. It may in brief be stated, that when the con- 
ditions of nature, particularly with reference to climate, 
were favourable to the existence of certain forms of 
animal life, such creatures were called into life; and 
when nature became unfavourable to their well-being, 
they were recalled from existence, and their places sup- 
plied by other races better suited to the altered condition 
of the earth: the change, as Mr. Lyell observes, not 
being sudden or violent, but gradual and gentle—one 
species or genus becoming extinct after another, and 
their place being occupied by fresh forms, so that no void 
was left in nature, until, after a certain epoch, the fauna 
of a country was gradually but completely changed. 

The student may remember with advantage, that 
in proportion as we recede from the present era, in 
that proportion the animal types become wild and 
strange, and dissimilar to those now in existence ; 
while the converse of the proposition of course holds 
good, and in proportion as we approximate towards the 
existing period, in that proportion the animal forms 
soften down, as it were, and approach more nearly to 
those by which we are surrounded at the present day. 

OPERATION oF MoperNn CauseEs.—Lessons of this 

¥3 


106 EXERCISES. 


nature might be extended to an entire volume, but we 
will conclude the present series with the repetition of 
one which forms the chief design of the excellent work 
of Mr. Lyell, and which, though conceived by pre- 
ceding philosophers, he has the honour of having first 
fully illustrated and explained. It is, in substance, that 
while nothing in nature is either permanent or primary, 
and while the great metempsychosis of matter is con- 
tinually going on, the laws which regulate its changes 
are immutable, imperishable, and immortal. The mu- 
tations which have occurred on the face of the earth are 
essentially the same with those in action now; and 
where existing causes might seem inadequate to produce 
these results, they are conceived to have been effected by 
the operation of such causes having been continued during 
vast cycles of time. The history of primeval nature, 
in short, is believed to have been similar to that of 
nature as she exists at present. Her usual course has 
been one of tranquillity and repose, but she has also 
experienced paroxysm and convulsion, the volcano and 
the deluge, the fire and the flood; yet even these have 
been controlled and harmonized to order and beauty, by 
the overruling Providence which first created this 
wondrous universe, and ever will watch over it till the 
last moment that its existence shall be permitted. 


EXERCISES. 


The statements of the foregoing chapter in them- 
selves constitute so many exercises. The following 
examples may be added for further illustration. 


EXERCISES. 10% 


1. The first lesson in the chapter, that of the inno. 
cency of such studies, and of the aid which they afford 
in enabling us to appreciate the attributes and perfec 
tions of the Deity, is enforced by every inquiry into 
his works, in which it is possible for the mind to engage. 
The mineral, vegetable, and animal kingdoms vie with 
each other in displaying the perfections of their Author; 
and since geology is only another name for the combina- 
tion of all the studies of nature, it is evident that na 
other pursuit of a similar kind can afford proofs so 
numerous and instructive of the benevolence and wis- 
dom of the Creator as are presented by this all- 
embracing science. 

2. In illustrating the antiquity of the earth from the 
foregoing chapter, the object will be facilitated by the 
student converting its statements into questions, and 
rendering the answers which are calculated to explain 
them. He will further find it expedient to insert these 
and other points in his note-book, and to enter under 
each respective head the information which bears npou 
the particular fact. 

3. The modern date of man, as contrasted with that 
of the earth of which he is an inhabitant, is a truth of 
so self-evident a character ag to require no effort or 
anxiety for its demonstration, since on this and other 
statements of the present chapter the difficulty would 
be not to establish the fact, but to discover a single 
argument which would be found to militate against it. 

4. In theorizing as to the nature of the internal heat 
of our planet, the student will find ample information 
on the various hypotheses in the works of those authors 
by whom they have been suggested. It is obvious, 
however, that questions of so abstruse a nature are rather 
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fitter for the proficient than the tyro; and the beginner 
may rest satisfied at the outset with the unquestionable 
fact of the internal heat of the earth, without indulging 
in those speculations as to the origin, which the progress 
of philosophy up to the present moment has not fully 
enabled us to determine. 

5. The nature of the crust of the earth, and the 
texture, order, and succession of those substances of 
which it is composed, are themes respecting which it 
is scarcely possible to suggest any definite exercises, 
further than the mode already suggested, of self-exa- 
mination by converting the statements of the previous 
chapter into questions, and returning the appropriate 
answers. 

6. The tropical climate of the ancient earth, the 
changes in the types of animal and vegetable existence 
consequent on its refrigeration, and the nature and effects 
of modern causes, are in like manner facts, respecting 
which no exact tasks can be assigned, and the student 
will find the most instructive mode of studying these, 
and similar principles, to consist in transferring the 
heads of them to his note-book, and making them the 
subject of those remarks and illustrations which will 
not fail to suggest themselves in the course of his 
geological studies. 


CHAPTER IV. 


QUALIPICATIONS OF A GEOLOGIST—INSTRUCTIONS FOR THE BEGINNER 
PRACTICAL HINTS FOR COMMENCING THE STUDY OF THE SCIENCE= 
SCIENTIFIC INSTITUTIONS—WORKS OWN THE SCIENCE—COLLECTING, AR- 
BANGING, AND DESCRIBING FOSSIL8—THE MICROSCOPE--LECTURES IN 
GENERAL—LECTURES AT THE BRITISH MUSEUM, 


QUALIFICATIONS oF A GEoLoaist.—It will be perceived 
from the foregoing remarks, that geology is a science 
far too extensive and universal to be completely and 
successfully studied, in all its details, by any single mind. 
In fact, the perfect geologist, like the perfect orator of 
the Roman writer, is to be regarded rather as a crea- 
ture of the imagination, than a being of real life and 
actual occurrence. Such a person ought to be versed 
in the complete circle of science, philosophy, and 
letters, and to possess attainments which a whole life 
is scarcely sufficient to acquire. He should be ac- 
quainted with the mathematics and general physics, that 
he may be enabled to judge of the nature and import- 
ance of the facts submitted to his investigation, and of 
the inferences which may be deducible from them. He 
should base his researches in geology on a sound study 
of mineralogy, that he may be enabled to judge of the 
internal structure and external characters of minerals 
and their combination in rocks. Chemistry should 
claim his attention ; he should possess some familiarity 
with its laws, and some practical proficiency in analysis, 
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experiment, and general manipulation. He should 
acquire an extensive and well-founded acquaintance 
with conchology, so as to attain the power of detecting 
the minute but characteristic distinctions of species, and 
even varieties, both of recent and fossil shells. His 
skill as a botanist should be accurate and profound, 
so as not only to enable him to describe a recent plant, 
or trace a flower, but to determine from the frag- 
mentary mineral relics of vegetation submitted to his 
inspection, from the veins of a leaf, the markings of a 
etem, or the character of a seed-vessel, imperfectly as 
these objects are presented to his view, the tribe or 
family to which the plant belongs, and to connect its 
occurrence with the general nature of the stratum in 
which it is discovered. He should not only be so far 
acquainted with comparative anatomy as to be able to 
identify the character of a single tooth or bone; but he 
should possess somewhat of that more profound and 
more accurate acquaintance with the laws of structure, 
which has enabled a Cuvier, a Mantell, an Owen, and a 
Grant, to restore the entire creature, and bring the extinct 
forms of by-gone eras again to life. He should possess 
the accomplishments of a draughtsman, and, to some 
extent, the skill of a surveyor. He should be a clas- 
sical scholar—should possess a sound proficiency in the 
learned languages, to enable him, in particular, to deal 
with the delicate question of nomenclature ; and should, 
in like manner, be versed in modern tongues, for the 
purpose of corresponding and conversing with foreign 
philosophers, of reading their productions, and keeping 
pace with their researches and discoveries. He should 
possess the accomplishments of literature, and the 
attractions of an animated and pleasing style. It were 
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desirable that he united with these the abilities of an 
orator; that he were capable of conveying to his 
hearers the knowledge which he has acquired himself ; 
and of transferring to the minds of others that admira- 
tion of nature and her perfections, which should form 
the paramount feeling of his own. It is obvious, that 
pursuits thus varied and extensive can scarcely be 
combined in any one individual : 
“‘ Natura certé 

Multa tegit sacra involucra, nec ullis 

Fas est scire, quidem, mortalibus omnia!” 

Since, therefore, none of our living geologists can 
boast the whole of these attainments, though many 
possess a considerable part; and since the mastery over 
subjects so profound and extensive is, obviously, 
not to be acquired by a single student, geology, be- 
comes, in an eminent degree, a co-operative pursuit, 
a study which no unassisted individual can grasp, but 
which all may assist to promote. Accordingly, our best 
and most eminent geologists, while they devote a due 
attention to the general objects of the science, confine 
their peculiar energies to some single department, bring 
to the general stock the information they individually 
acquire, and store in the common depository the pro- 
duce they collect in many a separate field. Ina science 
thus dependent on the labours of many, the efforts of all 
are useful; and while no labourer can call the territory 
his own, the tyro and the pupil may contribute to its 
cultivation. A very moderate acquaintance with its 
leading principles and auxiliary studies will authorize 
us to commence our career; a like moderate share of 
application will enable us to pursue it with satisfaction. 
When we have acquired the first lessons and general 
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outlines of the science; when we are acquainted with 
the nature and classification of the various formations ; 
when we can distinguish aqueous deposits from igneous, 
and stratified from unstratified rocks; when we can 
specify the sedimentary deposits by their due appella- 
tions, and further recognise them by the distinguishing 
features of mineral character, order of superposition, 
and characteristic fossils; when we also know some 
ten or dozen of the simple minerals, and can detect 
their combination in rocks; when we are acquainted 
with the like number of the genera of shells, appertain- 
ing to each formation, and a similar amount of plants: 
in other words, when we have learned a few lessons, 
and filled a few drawers with a few fossils, and can 
bestow on each its local habitation and its name, we 
may fairly commence a career, the further prosecution 
and ultimate success of which will depend solely on 
our own energy and determination. 

The first difficulties, however, are ever the most ar- 
duous, and with the view of assisting the tyro to sur- 
mount them, we shall now proceed to furnish a few 
practical hints, which may tend to facilitate his pro- 
gress, and render his task comparatively easy and de- 
lightful. . 

Tue Scientiric SocieTIES AND OTHER ADVANTAGES 
AFFORDED BY THE Metroprotis.— The student, if a 
resident in the capital, should, in the first place, pro- 
cure a ticket of admission to the library of the British 
Museum, by which means he will obtain access to 
works too voluminous and expensive for a private col- 
lection. Such a ticket is to be procured by applying 
to the principal librarian, and producing a recommenda- 
tion satisfactory to a trustee or an officer of the house. 
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' He will also find it expedient to avail himself of the 
advantages afforded by the scientific collections of the 
Museum; and the departments of Zoology, Botany, 
Mineralogy, and Fossil Organic Remains, may be ad- 
vantageously studied by the aid of the Synopsis. 

The Geological Society will conduce, in an important 
degree, to his information; he should inspect its col- 
lections, consult its transactions and proceedings, and, 
above all, attend its meetings, and witness its discus- 
sions, with the view of deriving that instruction which 
so distinguished a body is eminently calculated to con- 
vey. That mind must indeed be obtuse, those feelings 
must indeed be dull, which can derive neither instruc- 
tion nor animation from the splendid gladiatorship of 
science, displayed by such combatants as a Sedgwick, 
a Buckland, a Lyell, a Murchison, a Fitton, a Dela- 
beche, an Owen, a Mantell, and their fellow-savans. 

The Museum of Economic Geology, at No. 5, Craig’s- 
court, Charing-cross, is an establishment, the import- 
ance of which is only beginning to be appreciated by 
the public. It has long been matter of regret, that we 
possess, in this country, no School of Mines analogous 
to those establishments on the Continent, where in- 
struction in the elementary departments of mining, and 
its associate sciences, could be procured. A gentleman, 
deservedly celebrated for his writings and labours in 
the’ cause of geology, Sir H. T. Delabeche, has, how- 
ever, prevailed on the Government to supply the defi- 
ciency, in some degree, by forming a museum for the 
collection of ores, minerals, building-stones, models of 
mines and works, together with an office for the records 
of mines, laboratories for experiments, &c., &c. The 
establishment is, as yet, but in its infancy, but its im- 
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portance and value are recognised wherever it is known ; 
and it cannot fail to prove of national value and im- 
portance, and incalculably advantageous and beneficial 
to all parties connected with the mineral cultivation of 
the soil. 

The Royal Institution will afford excellent opportu- 
nities for acquiring chemical and general scientific 
knowledge. The Linnean, Zoological, Entomological, 
and Microscopic Societies, offer every facility for the 
prosecution of those studies which they are especially 
designed to promote. The means of obtaining scientific 
information have also been largely increased by the 
establishment of the two metropolitan universities. 
Lectures on the leading departments of science are 
delivered at King’s College and the London University, 
and the higher classes, even of the junior school, are 
instructed in natural philosophy. In several private 
establishments, the same course of education is pursued, 
and the author is permitted to mention that of Messrs. 
Nesbit, of Kennington-lane, as an academy where the 
pupils receive tuition in chemistry, geology, and the 
principles of natural and physical science. Classes 
for the study of chemistry are also formed at the 
Polytechnic Institution. And should the number or 
expense of these establishments deter the student of 
limited means from having recourse to them, such a 
person will find a highly favourable opportunity for 
cultivating several of the most important branches of 
knowledge, at the Mechanics’ Institution, Southampton- 
buildings, Chancery-lane. The library is extensive, 
and well selected; the collections, both of minerals and 
fossils, valuable and instructive; lectures are delivered 
twice a week, on subjects of scientific and literary in- 
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terest; classes are formed for the espeeial cultivation of 
natural history, botany, mineralogy, and chemistry ; 
and as the students, in addition to the public discourses, 
possess the opportunity of delivering class-lectures, and 
performing experiments, the establishment will be found 
_ to combine the advantages of theory and practice, in 
an eminently useful manner, at a very moderate ex- 
pense. Similar privileges are afforded by other literary 
and scientific institutions ; and several valuable private 
collections are accessible to the student, among which 
are those of Mr. Bowerbank and Mr. Saull. 

Works on Geortocy.—The works best adapted for 
each particular department will be named under their 
respective heads. We shall now enumerate, in alpha- 
betical order, those publications calculated for the 
general study of the seience, with a slight reference to 
the peculiar and characteristic merits of each. 

The Introduction to Geology, by Mr. Bakewell, is 
one of the most instructive and useful works published ; 
especially as regards the mineralogical department of 
the subject. 

The Bridgewater Treatise, by Dr. Buckland, con- 
tains a like able exposition of the chief phenomena of 
geology, and of the design of the Deity, as displayed 
in the creation. In pictorial beauty, accuracy, and 
taste, this work is, perhaps, unrivalled in scientific 
literature. — 

The various productions of Sir H. T. Delabeche are 
highly interesting and meritorious; and his excellent 
Manual, in particular, contains an instructive ac- 
count of the various formations; while his other writ- 
ings are eminently valuable for the information they 
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afford on what is termed physical geology; the depo- 
sition of sedimentary rocks, their disturbance by igne- 
ous agencies, the action of rivers, streams, currents, 
and all that is usually regarded as comprising the dy- 
namics of the subject. 

The writings of Mr. Lyell are, as is well known, of 
the very highest order of merit. His admirable Prin- 
ciples contain a most valuable collection of facts, with 
the most able and philosophical reasoning on these 
data; the work may be considered, in short, an ency- 
clopzedia of the science; while his Elements, though 
avowedly designed merely for the tyro, are replete with 
instruction for those who are proficients in the study. 

The whole of the writings of Dr. Mantell are deserv- 
edly prized, both by the scientific and general public. 
The Fossils of Tilgate Forest, containing an account of 
his remarkable discoveries in that singular district, which 
he has rendered classic ground for the geologist,—his 
Fossils of the South Downs, and his Geology of the 
South-east of England, were all,highly popular; when 
his Wonders of Geology surpassed in public favour all 
his previous writings, a greater number having, we be- 
lieve, been sold within a given period than of any other 
work on the subject. This publication has, more- 
over, been translated into German, and republished in 
America. 

The Silurian System of Mr. Murchison comprises 
not only a most accurate and laborious delineation of 
the peculiar district, so ably explored by this indefati- 
gable observer, but an instructive review of the pheno- 
mena connected with the middle and lower formations. 
It is, in fact, the most splendid monograph, the most 
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admirable work on a single subject, which has yet ap- 
peared in the scientific literature of this or perhaps any 
other country. 

The writings of Professor Phillips are in the highest 
degree attractive and meritorious. His treatises on 
geology, in the Encyclopedia Metropolitana and the 
Cabinet Cyclopeedia, are, perhaps, the best and most 
instructive in the language; and his Guide, an unas- 
suming volume, contains more information of value 
than many a more ostentatious work. 

It is impossible to pass over in the list of writings on 
geology, a publication, the primary object of which was 
not to convey instruction on the science, but which 
contains a store of varied and valuable information: I 
allude to the able, and learned, and highly successful 
attempt of the Rev. Dr. Pye Smith to reconcile the 
discoveries of geology with the facts related in Scrip- 
ture, and to demonstrate the perfect harmony of science 
with revelation. 

The above are the most important and valuable pub- 
lications known to the writer; and the student may 
safely commence his studies under the auspices of either 
of these highly able and instructive guides. 

A Dictionary of Geological Terms will be found 
extremely useful; and that of Dr. Humble, or the 
smaller publication of Mr. Roberts, may be consulted 
with advantage. 

The Geological Chart of Sir H. T. Delabeche will 
prove highly instructive; a good geological map will 
also be indispensable: that of Mr. Greenough, which is 
published under the sanction of the Geological Society, 
is the largest and most comprehensive. The writer has 
made use of that of Mr. Knipe, and found it extremely 
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accurate, particularly in certain complicated districts, 
among which the coal-field of Manchester may be espe- 
cially noticed. Mr. Betts, of Compton-street, is on the 
eve of publishing a geological map which will possess 
the recommendation of being lower in price than any 
hitherto submitted to the public. 

Mr. Bartlett has also recently published a valuable 
Index Geologicus, containing, on a single sheet, a geolo- 
gical, mineralogical, botanical, and zoological chart of 
the formations; presenting at one view a sketch of the 
whole succession of the deposits—their animal, vege- 
table, and mineral characteristics, together with an 
account of their agricultural soil and productions. 

We cannot too strongly impress on the student the 
great advantage of a common-place book. He should, 
indeed, have one for each department of the science— 
general geology, the minerals, the shells, and the plants. 
It should possess an alphabetical index, and if he 
enter under its proper head the works of the various 
authors on these subjects, the fresh discoveries conti- 
nually made, and, in short, all the information he can 
collect, he will very speedily find this to be the best 
and most instructive volume in his library. 

It will be expedient to procure a collection of fossils 
and minerals, and these may be obtained of the fol- 
lowing gentlemen: Mr. Heuland, (minerals only,) 
Red Lion-square; Mr. Sowerby, 50, Great Russell- 
street; Mr. Stutchbury, 47, Theobald’s-road; and 
Mr. Tennant, 149, Strand. He will further require 
information, and these gentlemen are eminently calcu- 
lated to afford it: they either give instruction, or are at 
all times accessible for the purpose of imparting intelli- 
gence. 
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There are numerous collectors and dealers in fossils 
in various parts of the country, in all the great fossilifer- 
ous districts, as the crag, the chalk, the oolite, lias, 
coal, silurian, and old red sandstone formations. 
Among others known to the writer, Mr. Taylor, of 
Blakeney, has obtained some admirable specimens from 
the crag; Mr. Deck, of Cambridge, has formed a gene- 
ral collection; Mr. Thatcher, of Brighton, procures 
specimens from the chalk; Mr. Rose, of Denton, near 
Grantham, has collected extensively from the oolite, 
and discovered two specimens of plesiusaurus from the 
lias, one of which is in the British Museum; Mr. Dud- 
field, of Tewksbury, has also discovered some valuable 
lias specimens, and has recently obtained a splendid 
specimen of ichthyosaurus; the Messrs. Ripley, of 
Whitby, have published an extensive list of fossils from 
the lower oolite and lias; Mr. Read has procured some 
admirable samples of coal-plants from Gristhorpe Bay 
and the vicinity of Scarborough; Mr. Gray, of Dudley, 
has collected largely from the Wenlock or Dudley lime- 
stone of that neighbourhood ; Mr. Needham, of Castle- 
ton, has an assemblage of the minerals of the carboni- 
ferous limestone of the Peak; and Mr. Vallance, of 
Matlock, an extensive collection of similar objects. 

Cottectine Fossits.—If the collector reside in a 
district abounding in fossils, as, for example, the crag, 
chalk, oolite, lias, coal, or Silurian formations, or, still 
better, if in a spot near the junction of any two depo- 
sits, the task of forming a collection will be rendered 
comparatively easy, since his immediate neighbourhood 
will afford an abundant supply of objects of interest ; 
and by exchanging the productions of his own locality 
for those of another, as, for instance, chalk fossils for 
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those of the coal, or oolite specimens for either, he will 
be able, with the aid of a few occasional purchases, to 
form an assemblage calculated not only to minister to 
his own improvement and satisfaction, but to contribute 
to the advancement and promotion of the science. The 
largest and most important collections have been accu- 
mulated not under circumstances favourable to the pro- 
secution of such pursuits, but under difficulties and 
discouragements calculated to repress them. Amid 
other and more pressing occupations, as a solace in the 
evening from the occupations and fatigues of the day, 
have these treasures often been silently and gradually 
collected, until the cabinet of the amateur has grown 
into the public museum; and, as in the case of that of 
Dr. Mantell, has been deemed worthy of acquisition by 
a nation. 

There are, perhaps, few, if any, general rules which 
can be suggested with advantage to the collector, fur- 
ther than to caution him against appearing too eager in 
his object, otherwise he will be likely to spoil the work- 
men, who are usually an ill-judging class of men, accus- 
tomed to form the most extravagant anticipations as to 
the worth of these objects, and feeling corresponding 
disappointment if their expectations are not complied 
with. The better course with such persons is, perhaps, 
to warn them at first against attaching too much import- 
ance to the value of fossils, and to accustom them to 
regard these objects not as a means of obtaining a 
livelihood, but merely as contributing an addition to 
their usual earnings. 

ExcuaNncine Fossits.—The procuring fossils by way 
of exchange is in many cases a very desirable, but in 
all a very delicate mode of proceeding, since there are 
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occasionally parties whom it is difficult to convince that 
they have received the full equivalent for what they 
have given. It will, therefore, be found most satisfac- 
tory to offer somewhat more than an equality, as 125 
specimens for 100, or, in short, any proportion calcu- 
lated to ensure the independence of feeling of the party 
suggesting the proposal. 

ARRANGEMENT OF A CABINET.—The simplest mode of 
arranging a collection is, by placing the specimens in 
drawers sufficiently deep to receive them. If room 
suffice, the case should contain drawers on each side, 
with an arched glass frame at top for the display of those 
objects which are particularly calculated for exhibition ; 
or the whole may be placed under glass, if there be suf- 
ficient space. The shells should be gummed on boards 
covered with paper, which may be obtained of Mr. 
M‘Lellan, 107, Great Russell-street, Bloomsbury ; Mr. 
Topping, 1, York-place, Pentonville, &c. Wherever 
It is possible, two specimens should be obtained of 
each shell, to display it both in back and front; and 
when the specimens are peculiarly interesting and 
instructive, the number may be increased. 

The arrangement, of course, should be of a descend- 
ing order, commencing with the formations of most 
recent, and proceeding downwards to those of most 
ancient date. It is much to be desired that a stratigra- 
phical collection were formed at the British Museum: 
that of the Geological Society is, of course, restricted to 
its own members; but a cabinet of this nature at the 
national establishment, which should be accessible to 
every student, would materially conduce to the public 
utility and advantage. 

The following gentlemen, among others, are well 
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known as draughtsmen and artists of distinguished 
talent in connexion with natural history :—M. Dinkel, 
M. Scharf, Mr. Sowerby, and Mr. Nibbs. 

The reader is referred to the Appendix* for a copy of 
the Instructions for collecting Specimens of Geology, 
published by authority of the British Museum; which 
is from the pen of C. Konig, Esq., keeper of the mi- 
nerals in the National Establishment. 

Tue Microscope.—Knowledge is ever progressive, 
and leads us gently and almost imperceptibly to results 
which are scarcely anticipated at the outset of our in- 
quiries. Geologists, who some years ago commenced 
their observations with the eye, and were astonished at 
the spheres of life and being thus revealed, now extend 
their observations to an incalculable extent by the aid 
of the microscope, and obtain an insight into worlds 
unknown and unsuspected before. This simple instru- 
ment proves an auxiliary of the highest value and 
importance: applied, for example, to coal, which has 
been sliced and prepared for inspection, it not only 
decides a question which twenty years ago was one of 
the gravest uncertainty and doubt, whether coal is of 
vegetable origin, formed of the buried forests of the 
primeval earth, as the woody structure revealed by the 
microscope clearly proves, but it defines the very kind 
of plant to which the fossil belonged when it grew a 
forest tree of those regions in which it is now preserved 
in a mineral condition. Again, if applied to rocks 
of calcareous character, it alike displays their animal 
origin, and shows that the vast masses which make up 
the solid strata of the earth, are composed of the aggre- 
gated skeletons of minute creatures which once lived 


* See Appendix A. 


THE MICROSCOPE. 123 


in its oceans, rivers, and lakes, and were entombed in 
the sediments deposited by those waters. While these 
are its effects as applied to solid rocks and substances 
apparently inorganic, its results when directed to the 
investigation of animal structure are still more won- 
drous. In the hands of an Owen and a Mantell it 
becomes an instrument of magic power, by means of 
which, from the inspection of a bone or a tooth, the 
colossal reptiles of the ancient earth are revived in all 
the reality of life and being, and the early formations of 
the earth peopled with their former inhabitants again. 

While such are the objects at present achieved by the 
microscope, its future advantages in extending and ad- 
vancing scientific discovery, it is scarcely possible to 
anticipate. Of such essential importance is it deemed in 
the cause of science, that a microscopic society has been 
formed, chiefly under the auspices of Mr. Bowerbank, 
for the prosecution of these inquiries, of which Professor 
Owen, and most of the leading naturalists, are mem- 
bers. A good microscope is, in fact, an indispensable 
requisite for the geological student, and will be found 
amply to repay the cost of its purchase. The best 
instruments are considered to be those made by Mr. 
Powell, 24, Clarendon-street, Clarendon-square; Mr. 
Ross, Featherstone-buildings, Holborn; Mr. Smith, 
Ironmonger-row, St. Luke’s; and Mr. Palmer, 122, 
Newgate-street. Mr. F. J. Gould, 151, Strand, also 
manufactures both eompound and oxy-hydrogen micro- 
scopes. Objects for microscopic investigation, both 
recent and fossil, are prepared by Mr. Topping, York- 
place, Pentonville, Islington; and by Mr. Darker, 9, 
Paradise-row, Lambeth. 
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Lecrures. — These constitute a highly efficacious 
means of instruction, since they serve at once to excite 
and to gratify a taste for scientific pursuits. If the 
student himself aspire to lecture to a class, or an in- 
stitution, such a task will prove extremely useful and 
instructive, since, in every department of knowledge, 
we find that the teaching others is the best method of 
perfecting ourselves. Opinions vary as to the mode in 
which a lecture should be prepared; and whether a 
written composition or an extemporaneous address is 
calculated to be more effective. A middle course is 
perhaps to be preferred, and it may be found most ex- 
pedient, if the lecturer commit to writing the commence- 
ment and the close of his discourses, and leave the 
middle and illustrative portions to his own impromptu 
powers. Lectures, in fact, though they are to be re- 
garded chiefly as incentives to study, and though they 
never can supply the place of personal application, 
vet, in conjunction with other means, are recognized 
as forming a highiy valuable method of improvement ; 
and those, for example, which were delivered by Dr. 
Mantell, at Brighton, may be cited not only as having 
proved in the highest degree interesting and instructive 
in their delivery, but when given to the world, through 
the medium of the press, as having formed a work which 
has scarcely its rival in popularity and success. A simi- 
lar tribute is due to Professor Von Leonhard, whose 
admirable and highly popular treatise, cited page 77, 
was first delivered in the form of lectures at Heidelberg. 
Field lectures, (or what may fairly be termed clinical 
discourses, since they are delivered beside the beds,) 
such as are given by Professor Buckland, at Oxford, or 
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Professor Sedgwick, at Cambridge, are admirably cal- 
culated to convey information on the practical portions 
of the science ; and the reader is referred to the Appen- 
dix* for the narrative of a most instructive and delight- 
ful discourse of this nature by Dr. Mantell, in the vici- 
nity of Brighton. 

Puszic Lectures.—So eligible and so obvious, in- 
deed, is this method of diffusing information, that all 
the scientific persons examined before the Committee 
of Enquiry of the House of Commons, in 1836, were 
unanimous in recommending that lectures, on subjects 
of scientific interest, should be delivered at the British 
Museum. No objection was stated at the time; it is true 
a doubt was expressed, that if the officers of the Museum 
were required to lecture, the collections would suffer in 
consequence ; but a moment's reflection would show 
that no real grounds exist for such apprehension. In 
the first place, the collections are, in fact, only a means 
to an end; and are valuable to the general public, only 
in proportion as they are explained and understood, and 
rendered the medium of improvement and instruction ; 
in the next, the task might easily be so apportioned, 
that each individual would not be required to lecture 
more frequently than once a fortnight, or possibly, once 
a month ; and, lastly, so widely, and so permanently 
would an interest in these pursuits -be diffused and 
established, that presents and offerings would flow in, 
from all quarters, and the collections, far from suffering, 
would be largely increased and enriched. The plan is 
perfectly facile and practicable. Fit up one of the 
apartments, or erect a new one in the quadrangle, as a 
theatre for lectures on public days; exact a small sum, 
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a sixpence or a shilling, for admission, to preserve order 
and prevent intrusion; let the lectures be given by 
parties belonging to the Museum, or approved substi- 
tutes; let the first, and, in fact, all the discourses be 
plain and popular—the more so the better:—and the 
plan once commenced could not fail to prosper; while 
the establishment would be immeasurably enhanced in 
value and importance ; since it is obvious that were all 
its treasures of science, letters, and the arts rendered 
conducive to popular instruction, it would become an 
engine of incalculable power and influence, in promot- 
ing the intellectual advancement and moral improve- 
ment of the people. 

OBJECTIONS TO THE PROPOSAL OF OPENING THE 
Museum on Sunpays.—Such a measure could not fail 
to prove far more useful and advantageous than the 
very questionable step recently proposed of opening the 
establishment on a Sunday; which, among other diffi- 
culties, presents this objection, that every infringement 
of the sabbath, far from benefiting the lower classes, 
for whose advantage it is ostensibly designed, is ever 
found to be ultimately detrimental to their welfare. 
Open public institutions on this day, and private estab- 
lishments would speedily follow, till the working classes 
would be wholly deprived of that day which has been 
and ever should be consecrated as one of rest. 

Pusric LecTrures ESTABLISHED BY THE FRENCH 
GovERNMENT.—The question of lectures, at the Mu- 
scum, may be regarded, in fact, merely as one of time. 
On the one hand, there exists so strong a desire for 
information on the part of the public, and on the 
other the trustees are so desirous to comply with this 
feeling, that it is quite impossible we can very long 
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remain in arrear of our Gallic neighbours in this parti- 
cular, who have verified the adage, that ‘‘ they manage 
these things better in France,”’ and while we have been 
five years in complying with the recommendation of 
our men of science, have long since obeyed the sug- 
gestion of theirs, and have established lectures on the 
plan here recommended, at the Jardin des Plantes and 
elsewhere. These lectures being intentionally of a 
popular and elementary kind, and being seconded by 
introductory treatises of like nature, published by the 
lecturers and professors, have proved eminently instruc- 
tive and beneficial. 


CHAPTER V. 


MINERALOGY. 


OUTLINE OF THE HISTORY OP THE SCIENCE—CRYSTALLIZATION—CRYS- 
' TALLINE FORMS—S8YSTEM OF MOHS—INSTRUCTIONS FOR FORMING A 
COLLECTION — INVESTIGATION OF THE EXTERNAL CHARACTERS OF 
MINERALS—USE OF THE BLOWPIPE—PRACTICAL EXERCISES, &c., &c. 


AUTHORS :—PHILLIPS, BROOKE, GRIFFIN, THE ABBE HAUY, BEUDANT, 
WERNER, BERZELIUS, WEISS, MOHS, NEWMAN, &c., &e. 


COLLECTIONS :—THE BRITISH MUSEUM, AND THE COLLECTIONS OF THE 
UNIVERSITIES AND PUBLIC INSTITUTIONS, 


Tre studies which are termed geology, consist essen- 
tially of mineralogy, physical geology, fossil concho- 
logy, fossil botany, and paleontology. As these pur- 
suits are of the most extensive nature, as each would, 
in fact, demand the study of a life to acquire, while it 
would alike require an entire treatise to discuss it, we 
shall content ourselves with offering that elementary 
and practical information which will serve as an intro- 
duction to the larger works on each separate study, to 
which we again beg to refer the student for more ample 
particulars. 

We have already remarked that a proper acquaintance 
with mineralogy must form the basis of all sound know- 
ledge of geology. There are substances of common 
geological occurrence, which are so similar to each other, 
that they can only be discriminated by an acquaintance 
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with mineralogy and by the operation of the blowpipe. 
Some varieties of feldspar so closely resemble certain 
kinds of hornstone, that they can only be recognised by 
being fusible, which hornstone is not; while many, 
both of the plutonic and volcanic rocke, are so nearly 
similar, that a knowledge of mineralogy can alone 
enable us to distinguish them. We may farther add, 
that the cautious Germans, who study every science so 
profoundly, and therefore so successfully, exact from 
the student at their universities, a due proficiency in 
mineralogy, before he is allowed to commence the pur- 
suit of geological science. 

We have, perhaps, to regret that the first of those 
departments of knowledge, to which we have to call the 
attention of our readers, is apparently of an abstruse and 
arduous character; yet the learner may be assured that 
its difficulties will, on investigation, be found more 
apparent than real. It is of course obvious, that a 
science, a portion of which, crystallography, is based on 
mathematical induction, must partake, in that depart- 
ment, of the common difficulty of mathematical investi- 
gation; but a large proportion of its leading principles 
and most important elements are perfectly plain and 
simple, and require, in fact, no knowledge of the mathe- 
matics at all. The truth is, it is one of the weaknesses 
of our nature to be more deterred by apparent than by 
real difficulties. We see some few mathematical figures, 
some cubes, squares, pyramids, or prisms; we observe 
a few mysterious-looking letters, some a's, b’s, c’s, and 
d's affixed to them; and we are alarmed in a moment, 
and draw back in affright, fearing that hieroglyphics so 
strange must contain some deep and hidden_ mystery, 
and that studies which require such symbols to express 
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them, must of necessity be difficult and deterring. The 
object of the following remarks, and the practical ex- 
amples which succeed, will be to strip the subject, as 
much as possible, of its difficulties; and to show that 
it is no less attractive than other studies of similar kind. 
Nay its very seeming obstacles will serve to stimulate 
the researches of the inquiring mind; and the student 
will speedily perceive that these objects which at first 
sight may appear unattractive and repelling, are charac- 
terized by the same harmony and perfection which be- 
long to all the productions of nature, since they are the 
work of the same Divine hand which fashions the shell 
to delicacy and proportion, which moulds the animal 
frame to symmetry or grace, and adorns the flower with 
loveliness and beauty ! 

The following outline of the progress of the science 
is compiled from various sources, and among others 
from the History of the Inductive Sciences, by Professor 
Whewell, to which the student is referred for more ex- 
tensive details. 

The information possessed by the ancients on the 
subject of minerals appears to have been most scanty 
and unphilosophical: and the progress made towards 
a just appreciation of their nature and qualities, in 
modern times, has been extremely gradual and slow. 

Several of those writers who have been mentioned in 
our brief sketch of the history of geology, are alike 
honourably associated with that of mineralogy. Thus 
the celebrated Gessner is honoured as the first who has 
written on crystallography. Palissy delivered and 
published lectures on mineralogy at Paris. The work 
of Encelius, (1557,) though mingled with the follies 
of alchemy as regards the composition of minerals, is 
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regarded with approbation, as presenting very judi- 
cious views of general classification. Cesalpinus and 
Schwenkfeld, of Silesia, are eulogized as having pub- 
lished attempts at mineralogical classification, which 
are regarded as extremely satisfactory for a period when 
chemistry was so little advanced. Cesius, Georgius, of 
Stockholm, and Aldrovandus, wrote on the arrange- 
ment of minerals, dividing them into earths, solidified 
fluids, stones, and metals. Their ideas, though often 
reasonable, are mingled with all the errors of alchemy 
and the cabala. 

Stenson, the Dane, eulogized by Mr. Lyell as a 
geologist, is noticed as having been the first to observe 
the constancy of form in crystals; since he remarks in 
the work already mentioned, which was published in 
1669, that though the sides of an hexagonal crystal 
may vary, the angles are not changed. 

Dominic Gulielmini, in a dissertation on salts, pub- 
lished in 1707, not only adopts the same views, observ- 
ing that, ‘* since there is here a principle of crystalli- 
zation, the inclination of the planes and angles is al- 
ways constant ;” but Professor Whewell assures us 
that he anticipates, very nearly, the views of later crys- 
tallographers, as to the mode in which crystals are 
formed from elementary molecules. 

These writers were followed by others, who, without 
achieving any grand discoveries themselves, led the 
way by their labours to the results subsequently ob- 
tained by others, and acted as pioneers in the grand 
advance which the science was destined to make. Among 
these are enumerated Cappeller, who published his 
Prodromus Crystallographic, in 1723 ; Bourquet, whose 
Lettres Philosophiques sur la Formation de Sels et de 
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Cristaux, appeared in 1729; and Henkel, the physicus, 
or naturalist, of the Elector of Saxony, whose Pyrito- 
logia is dated 1725. 

This last writer, though his researches are fettered 
by his literal interpretation of the Mosaic writings, was 
extensively acquainted with mineral productions, and 
has given some valuable information on metallic veins. 

Bromel, a French mineralogist, has the honour of 
being the first (1750) who classified mineral substances, 
according to their pyrognostic qualities, (those in- 
duced by the agency of heat,) in combination with their 
external characters. Cronstedt shortly after applied a 
mode of classification previously unknown, to which all 
the characters of mineral substances were submitted, 
since he was the first who took into consideration the 
elementary composition of these objects. 

It was reserved, however, for Linnzeus to arrange 
minerals according to their mathematical forms; but 
though the intuitive sagacity of that great man, observes 
Professor Whewell, led him to perceive that crystal- 
line form was one of the most definite, and, therefore, 
the most important of the characters of minerals, he 
is conceived to have failed in profiting by this idea, be- 
cause in applying it he did not employ the aid of geo- 
metry, but was guided chiefly by what appeared to him 
resemblances, which, however, were arbitrarily selected 
and often delusive. His efforts, led to those of a 
highly successful labourer in the same field, Romé de 
l'Isle. The great obstacle which lay in the way of 
these inquirers consisted, as the Professor has observed, 
in the difficulties presented by the secondary forms of 
crystals: since in consequence of the apparent irregula- 
rities of these forms, arising from the extension or con- 
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traction of particular sides of the figure, each kind of 
substance may appear under very different forms; 
which, however, though apparently dissimilar, are con- 
nected with each other by certain geometrical relations. 
These may be imagined by conceiving a certain funda- 
mental form, to be cut into new forms, in particular 
ways. Thus if we take a cube and cut off all the 
eight corners till the original faces disappear, we shall 
make it an octohedron. This truncation of angles and 
edges had already been noticed by a writer named De- 
meste, while the celebrated Werner had published a 
Systema Mineralogicum, in which he had formally spoken 
of replacement by a plane, an edge, and a point, as 
methods in which the forms of crystals are modified 
and often replaced. The wider application of the plan 
was, however, due to Romé de 1’Isle, who in his turn 
was eclipsed by the celebrated Haiiy; who by the 
variety, extent, and importance of his researches, during 
a long life, exclusively devoted to mineralogical inquiries, 
may be regarded as the founder of the school of modern 
crystallography; those who followed him having taken 
his views either wholly or in part as their basis. He 
was the first who successfully investigated the mathe- 
matical structure of crystals, taking up the subject 
where it had been left by Romé de I'Isle. He deter- 
mined the primary form of every mineral, and showed 
how the secondary forms were derived, by simple laws 
of decrement, from the primary form. The knowledge 
of these primary forms enabled him to arrange the 
mineral species with more precision than had been done 
before him. He defined a mineral species to be a sub- 
stance compounded of the same constituents, united 
in the same proportions, and possessed of the same 
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crystalline form. The chief defects of the system of Haiiy, 
as contrasted with the present state of the science, 
consist first in the unfortunate method adopted by him 
of imposing a separate name on every secondary crystal, 
and considering each of those secondary forms as ex- 
isting by itself, independently of all the rest. This 
multiplicity of names renders it excessively difficult, it 
might be said, impossible, to remember all his secondary 
forms, when they are very numerous, as happens with 
respect to calcareous spar, sulphate of barytes, iron 
pyrites, &c.; and the perusal of his book is thus ren- 
dered so irksome, that it can hardly ever be undertaken 
without some specific object. But the grand defect of 
his system consists in the inaccuracy of his measure- 
ments, which were made only by the common gonio- 
meter, an instrument not susceptible of giving the angle 
within half a degree of the truth. After the invention 
of the reflective goniometer by Dr. Wollaston, which is 
capable of measuring angles within one minute, the 
angles of all crystalline bodies, were again examined by 
other mineralogists; and it was found that those as- 
sumed by Haiiy were very seldom the true ones, dif- 
fering from the real measurement frequently by several 
degrees. This general inaccuracy has rendered the 
measurements and calculations of Haiiy of compara- 
tively little value for the science. 

It may here be expedient to offer a brief definition of 
the recent discoveries of those laws of chemistry which 
have so intimate a relation to the nature and composi- 
tion of minerals. 

Isomerism, which was discovered by Berzelius, is a 
principle which is somewhat vague and doubtful in its 
application, but which may be defined as that law by 
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virtue of which bodies having the same molecular com- 
position, and the same atomic weight, have different 
physical properties. 

Isomorphism, is the law by which an equal number 
of atoms, combining in the same manner, may give 
birth to similar crystalline forms, although the consti- 
tuent elements are of a different nature. 

Dimorphism, is a law which, having been previously 
known, has been confirmed by the discoveries of 
Mitscherlich. It is considered to be only a peculiar 
kind of isomerism. 

The law of equivalents, is that principle by which 
bodies combine with each other in constant and inva- 
riable quantities. 

The law of substitutions shows that constituent ele- 
ments may be substituted for each other, without pro- 
ducing any change in the nature of the compounds. 
This law, which is perhaps a peculiar case of the law of 
equivalents, was fatal to the electro-chemical theory of 
Berzelius, since it proves that electro-positive bodies 
may be substituted for electro-negative, and vice versa. 
Another cause of the ruin of this theory 1s that it has been 
acknowledged to be impossible to disengage electricity 
in placing two bodies in contact, and that it is to their 
combination with ambient, or surrounding bodies, that 
we must attribute the electric phenomena which are mani- 
fested in most cases. The experiments of Zamboni on 
the dry pile have demonstrated this truth, so that at pre- 
sent recourse is had to affinity,—a law by which different 
atoms unite with emission of heat, light, and electricity, 
electricity being considered in such cases as the effect 
and not the cause of the combination. 

The most important additions, since the period of 
Haiiy, have been effected by the endeavours of Weiss 
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and Mohs to establish distinct systems of crystalliza- 
tion, founded on essential distinctions of crystalline 
form. Professor Weiss showed the importance of con- 
sidering the axes in crystals, and established on these 
the distinction and classification of crystalline systems ; 
he also published a theory of zones, calculated to faci- 
litate the development of compound forms, which theory 
has served as the basis of the representatives of crys- 
talline forms to two of his pupils, Neumann and Quen- 
stedt. Professor Mohs gave a new exposition of the 
principles of crystallography, and published a remark- 
able classification of minerals, founded solely on their 
physical and external characters. He was followed by 
Breithaupt, Haidinger, and Zippe. Neumann proposed 
a new notation of crystalline forms, much more simple 
than those of Weiss and Mohs, and published, in 1830, 
a treatise on crystallography, which is regarded as the 
most learned and complete work which we possess on 
the subject. 

The principles assumed by the German savans have 
received considerable confirmation from the brilliant 
optical discoveries of Sir David Brewster. The system 
of Mohs, in particular, is generally adopted, and, with 
the discoveries which confirm it, will be explained in a 
future page. The nomenclature of single minerals, 
however, proposed by Mohs, from being cumbersome 
and difficult, has failed, as was to be expected, of being 
universally received. The two electro-chemical systems 
introduced by Berzelius are conceived to be imperfect. 
His first attempt was to class all minerals according to 
their electro-positive element, and the elements according 
to their electro-positive rank; but the discovery of iso- 
morphism, and the law of equivalents, virtually annihi- 
lated the system. These celebrated discoveries were, 
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in substance, as above-stated, that certain substances 
assuming the same crystalline form may be substituted 
for each other in combination, without affecting the ex- 
ternal character of the compound. Hence, since bodies 
with very different electro-positive elements could not 
be distinguished from each other, it became impossible 
to place them in distant portions of the same classifica- 
tion; and by such a discovery the system was virtually 
destroyed. The second attempt, by the same philosopher, 
to found a classification on the electro-negative qualities 
of bodies, is declared by our able English historian of 
the sciences, to be no more trustworthy ;- for he observes, 
if the electro-positive elements are isomorphous, the 
electro-negative elements are sometimes isomorphous 
also, and he cites the arseniates and phosphates in proof 
of his assertion. 

As the summary of this brief sketch of the history 
of the science, it may be stated that the systems hitherto 
proposed can scarcely be regarded as satisfactory or 
complete, though we should recommend the reader to 
study that of Mohs as the theory most extensively 
received. The present state of our knowledge in this, 
as in other departments of science, is confessedly imper- 
fect; the labours of the distinguished men whom we 
have enumerated are to be regarded as approximations 
to the truth, rather than discoveries of truth itself; and, 
to borrow the admirable conclusion of that author to 
whom we are largely indebted for the information here 
detailed, ‘‘ The combination of chemical, crystallogra- 
phical, physical, and optical properties into some lofty 
generalization is probably a triumph reserved for some 
future and distant years.”’ 

_ Meantime, it is satisfactory to know, that if the theo- 
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retical portion of the science still continues uncertain, 
its practical departments have received considerable ex- 
tension and improvement. Other philosophers have 
also promoted, by their discoveries in kindred studies, 
the progress of this pursuit. The chemical researches 
of Sir Humphrey Davy have elicited the facts of the 
metallic bases of the earths and alkalis ; while other 
inquirers have shown that acidity is not an absolute but 
a relative quality, and that there are substances which, 
united to certain bodies, act as acids, and with others 
become bases. While the invention of the reflective 
goniometer, by Dr. Wollaston, with the addition of the 
mirror by Mr. Sang, has brought the measurement of 
crystals to mathematical minuteness and precision; the 
application of the blowpipe to the purposes of minera- 
logy, by a Swedish savant, Andreas Swab, (it having 
previously been only used by jewellers and goldsmiths,) 
has alike formed an era in the study; and this instru- 
ment, in such hands as those of Bergman, of Gahn, 
and of Berzelius, has essentially contributed to perfect 
our inquiries into the physical and chemical relations 
of the science. 

It may be expedient, before we enter on the further 
description of the subject, to afford an outline of the 
general qualities of elementary substances. 

The chemist divides all bodies into simple and com- 
pound; the simple being those out of which nothing 
different from themselves can be obtained; the com- 
pound those which consist of two or more elements. 
It may be cited, as a fact strongly indicative of the 
progressive character of chemical inquiry, that the 
number of known simple substances, which in 1787 was 
only seventeen, and as recently as 1802 no more than 
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twenty-eight, is now fifty-five. And if it be objected, 
that many substances now considered simple may pro- 
bably be compound bodies, which more perfect instru- 
ments, more powerful re-agents, and more successful 
inquiries, will enable us to discover; it may, on the 
other hand, be fairly assumed that there are elementary 
substances yet undiscovered, which the aid of these 
same advantages may hereafter bring to light. 

The elementary bodies at present known may be 
conveniently classed under the following heads : 

Five gases, or vapours—oxygen, hydrogen, nitrogen, 
chlorine, and fluorine. 

Seven non-metallic solids and fluids—sulphur, phos- 
phorus, selenium, iodine, bromine, boron, and carbon. 

Three metallic bases of the alkalis—potassium, 
sodium, and lithium. 

Four metallic bases of the alkaline earths—barium, 
strontium, calcium, and magnesium. 

Six metallic bases of the earths—aluminum, silicum, 
yttrium, glucinum, thorinum, and zirconium. 

Thirty metals, whose combinations with oxygen pro- 
duce neither alkalis nor earths. 


1 Manganese 11 Uranium 21 Mercury 
2 Iron 12 Columbium 22 Silver 

3 Zinc - 13 Nickel 23 Gold 

4 Tin 14 Cobalt 24 Platinum 
5 Cadmium 15 Ceranium 25 Palladium 
6 Arsenic 16 Titanium 26 Rhodium 
7 Molybdenum 17 Bismuth 27 Osmium 
8 Chromium 18 Copper 28 Iridium 
9 Tungstenum 19 Tellurium 29 Vanadium 
10 Antimony 20 Lead 30 Lantane 
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Of these metals, the first five decompose water at a 
red heat. The next fifteen do not decompose water at 
any temperature, and their oxides are not reducible to 
the metallic state by the sole action of heat. The oxides 
of the rest are decomposed by a red heat. It may be 
added, that of the above there are not more than sixteen 
elementary substances which have any space of import- 
ance in the formation either of the earth itself or the 
atmosphere which surrounds it, and consequently which 
possess any especial claim on the attention of the 
geologist. 

These substances are— 


Oxygen Fluorine Magnesium 
Hydrogen Phosphorus Calcium 
Azote Silicum Tron 
Carbon Aluminum Manganese 
Sulphur Potassium 

Chlorine Sodium 


Of the above elements, oxygen is the most important, 
forming part both of the atmosphere and the earth 
itself, since all the elements can enter into combination 
with it. For instance, assuming silex to form nearly 
one-half of the solid part of the earth’s crust, silex is 
ascertained to bea compound substance, of which oxygen 
forms one-half. 

Were these bodies perfectly free to combine with 
each other, the amount of such combinations would be 
infinite, and the number of minerals endless; but their 
combinations are limited by two important laws; the 
first of which is, that certain substances have so strong 
an affinity for each other as to combine and prevent 
combination between others whose affinities are more 
feeble; while the second law consists in the fact, that 
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in all bodies which are chemical combinations, and not 
mere mechanical mixtures, the ingredients unite only in 
definite and invariable proportions. Thus hydrogen 
unites only with eight times its weight of oxygen to 
form water; while this is the lowest proportion in which 
oxygen enters into combination. The following expla- 
nation of chemical nomenclature, extracted from the 
excellent work of Dr. Turner, will convey not only an 
explanation of mere terms, but with these of the most 
important principles of chemistry as connected with 
mineralogy. 

‘‘ Chemistry,” he observes, ‘‘ is indebted for its 
nomenclature to the labours of four celebrated chemists, 
Lavoisier, Berthollet, Guyton Morveau, and Fourcroy. 
The principles which guided them in its construction 
are extremely simple and ingenious. The known ele- 
mentary substances, and the more familiar compound 
‘ones, were allowed to retain the appellations which 
general custom had assigned them. The newly dis- 
covered elements were named after some striking pro- 
perty. Thus, as it was supposed that acidity was always 
owing to the presence of the ‘ vital air,’ discovered by 
Priestley and Scheele, they gave it the name of oxygen, 
derived from two Greek words, signifying a generator of 
acid ; and they called ‘ inflammable air’ hydrogen, from 
the circumstance of its entering into the composition of 
water. 

‘* Compounds, of which oxygen forms a part, were 
called acids and oxides, according as they do or do not 
possess acidity. An oxide of iron or copper, signifies a 
combination of these metals with oxygen, which has no 
acid properties. The name of an acid was derived from 
the substance acidified by the oxygen, to which was 
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added the termination tc. Thus, sulphuric and carbonic 
acids, signify acid compounds of sulphur and carbon 
with oxygen gas. If sulphur, or any other body, should 
form two acids, that which contains the least quantity 
of oxygen is made to terminate in ous, as sulphurous 
acid. The termination in uret was intended to denote 
combinations of the simple non-metallic substances, 
either with one another, with a metal, or witha metallic 
oxide. Sulphuret and carburet of iron, for example, 
signify compounds of sulphur and carbon with iron. 
The different oxides or sulphurets of the same substance 
were distinguished from one another by some epithet 
which was commonly derived from the colour of the 
compound, such as the black and red oxides of iron, and 
the black and red sulphurets of mercury. Though this 
practice is still continued, occasionally, it is now more 
customary to distinguish different degrees of oxidation 
by derivatives from the Greek. Protoxide signifies the 
first degree of oxidation; deutoxide the second; trit- 
oxide the third, and peroxide the highest. The sul- 
phurets, carburets, &c., of the same substances, are 
designated in a similar way. The combinations of 
acids with alkalis, earths, or metallic oxides, were 
termed salts, the names of which were so contrived as 
to indicate the substances contained in them. Ifthe 
acidified substance contains a maximum of oxygen, the 
name of the salt terminates in ate; if a minimum, the 
termination ite is employed. Thus, sulphate, phosphate, 
and arseniate of potash, are salts of sulphuric, phosphoric 
and arsenic acids; while the terms sulphi/e, phosphite, 
and arsenite of potash denote combinations of that alkali 
with sulphurous, phosphorous, and arsenious acids. 
The advantages of a nomenclature, which disposes the 
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different parts of a science in so systematic an order, 
and gives such powerful assistance, to the memory, is 
incalculable. The principle has been acknowledged in 
all countries where chemical science is cultivated, and 
its minutest details have been adopted in Great Britain. 
It must be admitted, indeed, that, in some respects, this 
nomenclature is defective. The erroneous idea of oxy- 
gen being the general acidifying principle, has exercised 
an injurious influence over the whole structure. It 
would have been convenient also to have had a different 
name for hydrogen. But it is now too late to attempt 
a change, for the confusion attending such an innova- 
tion would more than counterbalance its advantages. 
The original nomenclature has, therefore, been pre- 
served, and such additions have been made to it, as the 
progress of the science rendered necessary. The most 
essential improvement has been suggested by the dis- 
covery of the laws of chemical combination. The 
different salts formed of the same constituents were 
formerly divided into neutral, super, and sub-salts. 
They were called neutral if the acid and alkali were in 
proportion for neutralizing one another; super-salts, if 
the acid prevails; and sub-salts if the alkali is in 
excess. The name is now regulated by the atomic 
constitution of the salt. If it be a compound of one 
equivalent of the acid, to one equivalent of the alkali, 
the generic name of the salt is employed without any 
other addition; but if two or more equivalents of the 
acid be attached to one of the base, or two or more 
equivalents of the base to one of the acid, a numeral is 
prefixed so as to indicate its composition. The two 
salts of sulphuric acid and potash are called sulphate 
and bi-sulphate; the first containing one equivalent of 
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the alkali, and the second, two of the former to one 
of the latter. The three salts of oxalic acid and potash 
are termed the oxalate, bin-oxalate, and qguadro-oxalate, 
because one equivalent of the alkali is united with one 
equivalent of the acid in the first, with two in the 
second, and four in the third salt. As the numerals 
‘which denote the equivalents of a super-salt are de- 
rived from the Latin language, Dr. Thomson proposes 
to employ the Greek numerals dis, tris, tetrakis, to 
signify the equivalents of an alkali in a sub-salt.” 

The above account of the present system of nomen- 
clature explains the nature of the compound substances, 
termed acids, oxides, sulphurets, and carburets; and 
we will now offera slight explanation of the distinguish- 
ing properties of acids and alkalis. Acids are com- 
pounds, capable of uniting, in definite properties, with 
alkaline and earthy bases; and when in a state of 
solution, they either have a sour taste or redden litmus 
paper. Most acids contain oxygen as one of their 
elements, which was therefore supposed, at one time, 
to be the acidifying principle; but acids exist which 
have no trace of oxygen, and there are bodies, for 
instance, water, which contain a large proportion of 
oxygen, without possessing acid properties at all. Al- 
kalis have a peculiarly pungent taste; neutralize acids; 
turn some vegetable blues to green ; change to a reddish 
brown the yellow colour of paper stained with turmeric ; 
and restore the blue colour of litmus paper, reddened 
by the action of acids. 

Minerals may be discriminated by their external and 
their chemical characters, these last being determined 
by two kinds of analysis, the qualitative and the quanti- 
tative, the former being again divisible into examina- 
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tion by the blowpipe, or the dry mode, as it is some- 
times called, and the action of tests and re-agents, 
or the humid method. Of these we shall confine our 
attention to the external characters, and the examina- 
tion by the blowpipe, referring the student for informa- 
tion on those departments of the investigation which 
have reference to chemistry to the various works on 
that science, as those of Thomson, Brande, Turner, 
&c. &c. . 
CrysTALLIZATION.—The particles of the liquid and 
gaseous bodies above enumerated, during the formation 
of solids, sometimes cohere together in an indiscriminate 
manner, and give rise to shapeless masses; but they 
occasionally attach themselves to each other in a cer- 
tain order, so as to constitute solids possessed of a 
regularly limited form. Such bodies are called crystals, 
and the process by which they are formed is termed 
crystallization. Certain crystalline forms are peculiar 
to certain substances; and though these forms are modi- 
fied to a considerable extent, yet we invariably can, by 
a careful dissection of the crystal, extract from It a 
nucleus which constantly has exactly the same form in 
the same mineral species. Thus, whatever be the shape 
of a crystal of calcareous spar, we can always obtain 
from it an obtuse rhomboid; while every cube of fluor 
spar, by cautiously dissecting off the angles, yields for 
a nucleus a regular octohedron, Such a nucleus is 
called a primary form, while the secondary forms are 
deducible from the primary by certain laws of decre- 
ment. So constant are these forms, that calcareous spar 
never crystallizes in cubes, nor fluor spar in rhomboids. 
CrysTALLOGRAPHY.—A crystal may be defined to be 
H 
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any symmetrical solid contained within plane, or some- 
times within curved surfaces. 


FIG. 4. 


These surfaces are called planes, or faces, as a a. 

An edge is formed by the meeting of two planes, 
as d. 

Crystals may sometimes be split in directions parallel 
to their natural planes, and frequently in other direc- 


tions. 
The splitting a mineral in any direction, so as to ob- 


tain a new plane, is termed cleaving it; and the crystal 
is said to have a cleavage in the direction in which it 
may be so split. 

The planes produced by cleaving a crystal are termed 
its cleavage planes. 

A plane angle is produced by the meeting of any two 
lines or edges. 

The angles d, c, e, d, 0, g, fig. 2, are formed by the 
uniting of the lines d, 0, 0, e, and d, 0, 0, g. 

A solid angle is produced by the meeting of three 
planes. 

A plane angle is either an acute, a right, or an 
obtuse angle; and these will be readily understood 
by the following explanations and the accompanying 
figures. 

First describe a circle and apportion it into 360 
degrees ; next draw a perpendicular line a b, and 
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a horizontal line c d, intersecting each other at 
the centre, and dividing the circle into four equal parts, 
each containing ninety degrees. 


FIG. 5. 

If the angle be less than ninety degrees, it is an 
acute angle; if ninety degrees, a right angle; if more 
than ninety, an obtuse angle. Thus, in the following 
figure, 


FIG. 6. 
a and } form a right angle; 6 and ¢ an acute angle; 
aandc an obtuse angle :—or in another and perhaps 
simpler form, 


H 2 
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a and b are an acute angle; a and ca nght angle; 
a and d an obtuse angle. 

In fig. 2, the plane a, and the plane opposite, on 
which the object is depicted as resting, are called the 
summit, or the base, or the terminal plane; while the 
planes 5 and c, with those parallel to them, are termed 
lateral planes. 

The edges of the terminal planes, as d, e, m, and n, 
fig. 2, are called terminal edges. 

The edges f, g, and h, produced by the meeting of 
the lateral planes, are termed lateral edges. 

The planes of acrystal are said to be similar when 
their corresponding edges are proportional, and their 
corresponding angles equal. 

Edges are similar when they are produced by the 
meeting of planes, respectively similar, at equal angles. 

Angles are similar when they are equal, and con- 
tained within similar edges respectively. 

Solid angles are similar when they are composed of 
equal numbers of plane angles, of which the corres- 
ponding ones are similar. 

An equilateral triangle, fig. 8, is a figure contained 
within three equal sides, and containing three equal 
angles. 


FIG. 8. 


An isosceles triangle, fig. 9, has two equal sides, ab, 
which may contain either a right angle, or an acute, or 
obtuse angle, If the contained angle be less than a 
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right angle, it is an acute angle; if greater, it is ob- 
tuse. The line on which c is placed is called the base 
of the triangle. 


FIG. 9. 
A scalene triangle has three unequal sides, and con- - 
tains three unequal angles. 


FIG. 10, 
A square, fig. 11, has four equal sides, containing four 
right angles. 


FIG. 11. 
A rectangle, fig. 12, has its adjacent sides, a and }, 
unequal, the four contained angles being right angles. 


% 
3 


FIG. 12. 
A rhomb, fig. 13, has four equal sides, but its ad- 
jacent angles, a and b, unequal. 
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FIG. 18. 


A rhomboid differs from a rhomb, in having only two, 
instead of four, equal sides, as 


OO 


FIG. 14. 
An oblique-angled parallelogram, fig. 15, has its op- 
posite sides parallel, but its adjacent sides, a and b, and 
its adjacent angles, c and d, unequal. 


FIG. 15. 


When certain forms of crystals are described with 
reference to the rhomb, as the figure of their planes, 
they are termed rhombic. 

A parallelopiped is any solid contained within three 
pairs of parallel planes. 

Crystals often present the appearance of having lost 
their edges and solid angles, which are then said to be 
replaced by tangent planes. A tangent plane, with 
reference to an edge, signifies a plane inclined equally 
to the two adjacent primary planes, and parallel to the 
edge which it replaces; or, in plainer terms, it means 
cutting off the edge so even as to take off as much on 
one side as the other, as in the cube, 
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or octohedron, 


FIG. 17. 


FIG. 18. 


When an angle is replaced by two such converging 
planes, terminating in an edge, like that of a chisel, it 
is said to be bevilled. 

When a solid angle is replaced by three or more con- 
verging planes, it is said to be acuminated, that is, it is 
replaced by planes meeting in a point. 

The forms of crystals, as before observed, are divided 
into primary (also called fundamental or derivative) and 
secondary, or derived forms. This distinction is founded 
on the relation of certain geometrical solids to each 
other; on the transition of one form to another exhibited 
in Many mimerals; on the replacement or truncation of 
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their edges and solid angles, and on the facility with 
which most crystallized minerals split in certain direc- 
tions; so that, however various the forms of their crys- 
tals, they may all be reduced, by cleavage, into some sim- 
pler form, presenting smooth and shining faces, like the 
natural planes of a crystal. 

To exemplify this process, the student has only to 
take some substance which may be cut with ease, as a 
piece of soap, or a turnip, and practise these cleavages 
as follows :—First cut the object into a cube, thus 


FIG. 19. 


Then replace the solid angles; in plainer terms, cut 
off the corners thus, 


eA 


FIG. 20. 
Continue the process, (taking care to preserve the 
layers thus removed,) till the planes of the cube dis 
appear, and the octohedron will be the result. 
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Again, if the student cut off the corners of the solid 
angles of the octohedron, thus, 


FIG, 22. 


and continue to enlarge these planes equally till the faces 
of the octohedron disappear, a cube will be formed. 

Or, if the twelve edges of the octohedron be replaced 
by tangent planes, 


FIG. 23. 


and if these be continued till they intersect, the rhombic 
dodecahedron will be the result. 


FIG. 24. 


By the replacement of the four alternate solid angles, 
or corners of the cube, till the cubic faces disappear, the 
tetrahedron may be formed ; 


H 3 
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FIG. 25. 


and by replacing all the edges of the cube with tangent 
planes till they intersect, the rhombic dodecahedron, 
fig. 24, may be produced. 

In speaking of the replacement, or cutting off the 
edges, or solid angles, we do not, of course, mean that 
these have actually been cut off; for, in fact, they have 
never existed; but what is meant is, that the same 
appearances are produced, as if such truncations had 
actually taken place. 

We have purposely recommended the pupil to preserve 
the slices which he has taken off, in producing the cube 
from the octohedron, and the octohedron from the cube, 
because each of these forms being deducible from the 
other, he will only have to replace them to form the cube 
on the octohedron by addition, as the octohedron was 
formed from the cube by diminution; and again, 
after reducing the octohedron to the cube, he may form 
the octohedron on the cube by restoring the slices he 
has removed. | 

The secondary forms of crystals are conceived to 
have arisen, from the regular arrangement, on the planes 
of the primary forms, of layers of crystalline matter, 
gradually decreasing in breadth, such layers being com- 
posed of molecules, so infinitely minute as to be per- 
fectly invisible; so that a pyramid formed of such 
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particles would present, on its surface, no inequality 
which would be perceptible to the eye. 


FIG. 26. 


With regard to the forms of these ultimate molecules, 
it is known that secondary crystals may be cleaved into 
layers parallel to the planes of a primary nucleus of a 
different form, as the cube into the octohedron, as in the 
case of fluor, &c., while these layers may be divided by 
cleavage in other directions, so as to afford small bodies 
of determinate shape, which, divide and sub-divide them 
as we may, still preserve, as long as they are visible, 
the same form. These forms, therefore, whether cubes, 
octohedrons, &c., are considered as those of the com- 
ponent molecules of which these crystals are composed. 

The arrangement of the molecules is found to be 
different in different forms, particularly in the case of 
the rhombic and pentagonal dodecahedrons. By placing 
a low three-sided pyramid on each plane of the re- 
gular octohedron, a rhombic dodecahedron may be 
formed, as 
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The rhombic dodecahedron may also be formed from 
the cube, by placing a low quadrangular pyramid on 
each face of the cube, as 


FIG. 28. 


The pentagonal dodecahedron may likewise be formed 
on the cube, by placing, on each of its sides, an equal 
and similar pyramid, having two triangular and two 
quadrangular planes. 


It will be seen, that, in the formation of these two 
different dodecahedrons on the same primary form, the 
cube, if the molecules, as they doubtless are, be all of 
the same cubic form, they must be very differently 
arranged in the two cases; for in the rhombic dodeca- 
hedron, fig. 24, the faces are all equal and inclined on 
the faces of the cube at the same angle; while in the 
pentagonal dodecahedron, the faces of the pyramid are 
only equal two and two, @ and a, 6 and b, and are 
inclined on the planes of the cube at different angles. 
From measurements by the goniometer, and calculations 
carefully made, for determining the mode of aggregation 
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of atoms of the same shape, requisite to produce these 
different forms, it has been ascertained that the pyramids 
of the rhombic dodecahedron, fig. 24, must be composed 
of successive layers of molecules, each layer being of the 
thickness of one molecule, and each successive layer 
diminishing by the breadth of one molecule on each — 
side; but that in the case of the pentagonal dodecahed- 
ron, fig. 29, the layers composing its pyramids must be 
of the thickness of two molecules, and must diminish in 
breadth unequally on the two sides ; that is, on the side 
of the quadrangular plane a, they must diminish two 
molecules in breadth, for one in height; and on the side 
of the triangular plane 6, they must diminish one mole- 
cule in breadth, for two in height, thus, 


Hence, it is inferred that external form depends, as 
might be supposed, on internal structure, and is deter- 
mined by the combination of minute particles of regular 
shape. . 

We will now submit a list of the primary forms, 
which, on the authority of Mr. Brookes, are conceived 
to be in number fifteen, as follows :— 

1. The cube, contained within six square prisms. 
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FIG. 31. 


2. The regular tetrahedron, contained within four 
equilateral triangular planes. 


@ 


FIG. 32. 

3. The regular octohedron, resembling two four-sided 

pyramids, set base to base. The planes are equilateral 

triangles; and the common base of the two pyramids, 

which will hereafter be denominated the base of the 
octohedron, is a square. 


FIG. 33. 


4. The rhombic dodecahedron, contained between 
twelve equal rhombic planes, having six solid angles, 
consisting each of four acute plane angles, the two 
opposite ones, as a and 8b, being sometimes called the 
summits, and eight solid angles or corners, consisting 
each of three obtuse plane angles. 
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5. The octohedron with a square base, which is 
bounded by eight faces which are similar isosceles 
triangles. The base, 0}, 6, b, 6, is always a square, 
and is the only part of the figure which is constant. 


6. The rectangular octohedron, which is limited by 
eight isosceles triangles. The base, 8, b, b, 6, is always 
a rectangle ; but the ratio of its two sides is variable, as 
are all the other dimensions of the figure. 


7. The rhombic octohedron is contained under eight 


160 MINERALOGY. 


faces, which are similar scalene triangles, while the base, 
6, 6, 6, 6, is arhomb. All its dimensions are variable. 


FIG. 37. 


8. The right square prism, which is a six-sided 
figure, differing from the cube only in its four lateral 
planes, c, c, c, c,»being rectangles. The extreme or 
terminal planes, a, a, are square. The term, right, 
denotes that the lateral and terminal planes are inclined 
to each other at aright angle. It is used in opposition 
to oblique, which signifies that the sides are not perpen- 
dicular, but form an oblique angle with the terminal 
planes. 


FIG. 38. 


9. The right rectangular prism differs from the pre- 
ceding, in the terminal planes, a, a, being rectangular 
instead of square. 
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10. The right rhombic prism differs from the pre- 
ceding only in its terminal planes being rhombs. 


FIG. 40. 
11. The right rhomboidal prism differs from the 
preceding form, in the terminal planes, a, a, being 


rhomboids. 


FIG. 41. 
12. The oblique rhombic prism; in this form the 


terminal planes, a, a, are rhombic, and the lateral 
planes form an oblique angle with them. 


FIG. 42. 
18. The oblique rhomboidal prism, sometimes called 
the doubly oblique prism, differs from the preceding in 
the terminal planes, a, a, being rhomboids. 
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14. The rhombohedron, which is bounded by six 
prisms, which are exactly of the same size and form. 


a 


o 
Ld 


FIG. 44. 

15. The regular hexagonal prism, which is bounded 
by six perpendicular, and two horizontal or terminal 
planes, which are at right angles to the former. Like 
the regular hexagon of geometry, the lateral planes 
incline to each other at angles of 120 degrees. If 
these angles are not of 120 degrees, the prism is irregular. 


FIG. 45. 

These are considered as the primary forms, many of 
which are geometrically allied to each other. Thus, as ~ 
we have already observed, if the six solid angles of 
the octohedron are replaced by tangent planes, and that 
these are enlarged till they intersect each other, and the 
faces of the octohedron disappear, a perfect cube is 
produced. 
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If the twelve sides of the octohedron 


FIG. 47. 
are replaced by tangent planes, and these are extended 
till they mutually intersect, the rhombic dodecahedron 
will be formed, 


FIG. 48. 


The cube may, by analogous changes, be converted 
into the octohedron, tetrahedron, and rhombic dodeca- 
hedron. For, as previously stated, if the eight solid 
angles of the cube be replaced by equilateral triangles, 
and these are enlarged till the planes of the original 
cube are destroyed, the octohedron results. 


5 , 
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FIG, 49. 


The tetrahedron may be formed by replacing the 
four alternate solid angles of the cube by tangent planes, 
so that all its original faces disappear. 
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FIG. 50. 


By replacing the twelve edges of the cube 


FIG. 51. 


with tangent planes till the new faces intersect each 
other, the rhombic dodecahedron will be produced. 


6 
PIG. 52. 


The octohedron with a square base is allied to the 
right square prism, for if 
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two tangent planes are substituted for the solid angles, 
a,a, and the edges of the base are replaced by faces 
perpendicular to the former, new forms will result. If 
the faces of the octohedron disappear, the right square 
prism is formed. 


FIG. 54. 


If two tangent planes are substituted for the solid 
angles, a, a, and the edges of the base are replaced by 
faces perpendicular to the former, new forms will result. 
If the faces of the octohedron disappear, the mnght 
square prism, fig. 54, is again formed. But if traces of 
them remain, secondary forms, intermediate between 
the two primary forms, will be produced. 

The rectangular and rhombic octohedrons, and the 
right rectangular and rhombic - prisms, are associated 
with each other. Thus on replacing the solid angles 
aa, and the four edges of the base of the rectangular 
octohedron 
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by tangent planes, and extending them till the planes 
of the octohedron disappear, the right rectangular prism 
is formed, 


FIG. 56. 


and the rhombic octohedron, 


FIG. 57. 


by a similar change, is converted into the right rhombic 
prism. 


FIG. 58. 


* By applying tangent planes to all the edges of the 
rhombic octohedron, fig. 57, except those of the base, 
the rectangular octohedron, fig. 55, may be produced ; 
and by reversing the operation, the latter is converted 
into the former. In this last case, the solid angles of the 
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rhombic octohedron must be so placed as to bisect the 
edges of the base of the rectangular octohedron. 

The rhombohedron, fig. 44, and the six-sided or 
hexagonal prisms, fig. 45, are allied to each other. If 
tangent planes are laid on the two solid angles of the 
rhombohedron, and either the six, solid, lateral angles 
marked }, or the edges between them, are replaced by 
equal planes perpendicular to the former, a six-sided 
prism results; and the six-sided prism may be re- 
converted into the rhombohedron, by replacing all its 
alternate solid angles by equal and similar rhombic 
planes. ; 

The six-sided prism is often associated in nature, (for 
instance in quartz,) with a six-sided pyramid, formed 
by all its terminal planes, being replaced by isosceles 
triangles, fig. 9. Ifthe faces of the prism disappear, 
the double six-sided pyramid results. 

Those crystalline forms which have an intimate geo- 
metrical connexion with each other, are considered, 
by crystallographers, as constituting certain groups, 
which are termed systems of crystallography. 

CrassiFicaTion oF Mons.—This arrangement appor- 
tions the fifteen primary forms as follows :— 


I. The Tessular system comprises the cube, 
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the tetrahedron, 


FIG. 60. 


the regular octohedron, 


FIG. 61. 


and the rhombic dodecahedron, &c. &c. 


FIG. 62. 


The Pyramidal includes the octohedron, with a square 
base, 


\ 


FIG. 63. 
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and the right square prism. 


FIG. 64. 
III. The Prismatic comprises the rectangular octo- 
hedron, 


FIG. 65. 
the rhombic octohedron, 


PIG. 66. 
the right rectangular prism, 


FIG. 67. 
and the right rhombic prism. 
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IV. The Hemi-Prismatic consists of the right rhom- 
boidal prism, 


FIG. 69. 
and the oblique rhombic prism. 


PIG. 70. 
The Tetarto-Prismatic is composed of the oblique 
rhomboidal prism. 


FIG. 71. 
VY. And the Rhombohedral includes the rhombohedron, 


FIG. 72. 
and the regular hexagonal prism, 
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Two or more simple forms united together constitute 
a combination. These combinations are of great im- 
portance in the study of crystals. They are called 
binary, triple, &c., according to the number of simple 
forms combined. 

The combined forms must be derived from one and 
the same fundamental form. They must be in such 
positions, with regard to each other, as are peculiar to 
the system to which they belong. 

The edges in which the faces of two different forms 
contained in a combination meet, are termed edges of 
combination. 

Discoverres oF Sin Davip Brewster.—Such is a 
brief outline of the arrangement of crystalline forms 
of Mohs, which is extensively adopted, and the dis- 
tinctions of which are, at least, so far important and 
correct, that all the forms which a salt or any substance 
assumes, almost always belong to the same system of 
classification. The justice of this mode of arrangement 
has been farther proved by the optical investigations of 
Sir David Brewster, which will be best understood by 
the following explanation. 

If we draw a black line on paper, and view it through 
a piece of Iceland spar, which is the purest variety of 
carbonate of lime,* the line will appear double in every 
position except one, in which it will be observed to over- 
lap the other. In the position at right angles to that, 
the separation of the two lines is the greatest possible. 
The overlapping takes place in what is called the prin- 
cipal section of the crystal, and the greatest separation 
occurs in a plane very nearly coinciding with the equator 

* See a splendid example in the collection of the British Museum, 


case 43. 
12 
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of double refraction, which is a plane at right angles to 
the crystallographic axis of the rhomboid. 

If we cut off the summits of the rhomboid, and 
polish the new faces, we shall find, that a pencil of 
light transmitted through these new faces is not divided 
into two. The line along which there is no double 
image, is named the axis of double refraction, or the 
optic axis. 

The discovery effected by Sir David Brewster certainly 
confirms, in a very important degree, the correctness of 
the arrangement proposed by Mohs. He has ascer- 
tained that all minerals belonging to the same system 
are connected by intimate optical relations ; for instance, 
that all those which belong to the rhombohedral and 
pyramidal systems, have only one axis of double re- 
fraction, which is coincident with the axis of symmetry 
of the crystal; that all minerals belonging to the pris- 
matic system, and its subordinates, have two axes of 
double refraction; while all belonging to the tessular 
system, have either three axes in equilibrio, or are 
otherwise so constituted with reference to this pro- 
perty, that they do not display any double refraction 
at all. 

The above slight and imperfect sketch will suffice to 
show that crystallography is an extremely interesting 
and instructive study, and one which can by no means 
be omitted in an account of the external characters of 
minerals. At the same time it cannot be denied, that 
however valuable or attractive to the experienced mine- 
ralogist, it is of little practical use in furnishing a guide 
for discriminating minerals. This is especially the case 
as regards the beginner, and the practical geologist. Few 
minerals, comparatively, occur in the state of regular 
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crystals; they are met with, either massive or so im- 
perfectly crystallized, that the student is compelled to 
have recourse to other characters, which, when united, 
are more obvious, though singly they may be less definite 
than that afforded by the measuring of crystals. Crys- 
tallography, it may be said, is to mineralogy what 
the mathematics are to calculation; while the general 
characters of minerals may be considered as represent- 
ing the arithmetic of the science ; the former being essen- 
tial to a complete acquaintance with the study, but 
being fitted chiefly for the solution of difficult questions, 
and intricate problems, and more exclusively adapted for 
the use of the proficient ; while the latter and more ele- 
mentary department is useful for acquiring a general 
knowledge of the subject, and is more peculiarly adapted 
for the tyro and the beginner. 

Externat Cuaractgers or Minerats.—The next 
step in the progress of the student will be to render 
himself acquainted with the external characters of 
minerals; and with the view of studying these and 
the practical details of the science, it is essential that 
he should possess a properly arranged collection; and, 
if possible, that he should avail himself of the as- 
sistance of a well-qualified instructor; since more may 
be learned in a few lessons from a skilful teacher, than 
can possibly be gathered from books in a lengthened 
period. The gentlemen already mentioned, Mr. Heu- 
land, Mr. Sowerby, Mr. Stutchbury, and Mr. Tennant, 
are in the habit of furnishing collections of this kind. 
Minerals are also to be met with, advantageously, at the 
sales of those objects, at Messrs. Stevens's sale-rooms, 
King-street, Covent-garden. Collections are likewise 
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supplied by Mr. Abel, of Hamburgh; and Mr. Krantz, 
of Berlin, The specimens comprising such a cabinet 
need not be either large, showy, or expensive; they 
should be arranged according to the system of Phillips ; 
and with the exception of some of the more rare and 
scarce objects, should comprise the substances enu- 
merated at the close of Phillips’s Introduction, (Allan’s 
edition, page Ixxx.) It will also be necessary to pro- 
cure another collection in fragments, prepared ex- 
pressly for analysis and fusion by the blow-pipe. The 
works required will be few; that of Phillips should form 
the text-book, with Griffin’s Treatise on the Blow- 
pipe; Sowerby’s British Mineralogy may also be con- 
sulted with advantage, The copy of Phillips should be 
bound with blank leaves, for the purpose of taking 
notes of the specimens composing the collection of the 
student, the lessons of his instructor, and the general 
knowledge which he himself acquires. His specimens 
should all be registered on the blank pages, so as to 
point out their proper place in the drawer; thus ;5 may 
indicate that a certain mineral is placed as the fourteenth 
object in the sixth drawer. They should all be ready 
labelled; but if not, it will be found an excellent plan to 
procure some old catalogues of Messrs. Stevens's sales 
of minerals, for the purpose of cutting out the names, 
and gumming them on the specimens, a method which 
will look neater, and take up less space than hand-writ- 
ing. The student should also possess a set of models 
of crystalline forms, which can be procured of the par- 
ties above-named. 

In addition to his own cabinet, be should farther 
avail himself of the various public stores within his 
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reach, and, in particular, the splendid collection of the 
British Museum may be consulted with eminent advan- 
tage by the aid of the Synopsis. 

The other objects enumerated by Phillips and Griffin, 
as blow-pipes, spirit-lamps, fluxes, supports, platinum 
spoon, wire, foil, glass tubes and matrasses, files, knife, 
hammer, pestle, mortar, anvil, a pocket lens, or Co- 
dington, as those instruments are termed, an electrome- 
ter, a common goniometer, Wollaston’s goniometer im- 
proved by Sang; and, in short, every requisite in- 
strument, may be procured of Messrs. Knight and Co., 
Foster-lane, who have published an extensive cata- 
logue of chemical apparatus; of Mr. Tennant, 149, 
Strand; and also of Mr. Palmer, of Newgate-street ; 
Mr. Clarke, 428, Strand; and others. 

The reflecting goniometer will be found indispen- 
sable for correctly measuring the angles of crystals, and, 
as in the instance of augite and hornblende, for distin- 
guishing several which present considerable similarity to 
each other. The use of the instrument is not particu- 
larly difficult, and the student is referred to Phillips, 4th 
edition, Introduction, p. xxxii., for directions, the ob- 
servance of which will speedily enable him to attain the 
management of it with ease and success. 

In studying the characters of minerals according to 
the arrangement of Phillips, the student should com- 
mence by a careful and attentive perusal of the admi- 
rable Introduction from page xili. to page Ixviii. The 
various external characters detailed in page xviii. should 
be the object of especial study, more particularly those 
enumerated in the first column in the following list; 
and the chapter on Structure, above all, cannot be too 
firmly impressed on the mind. 
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They are as follows :— 


External form. Transparency. 
Structure. Lustre. 

Fracture. Colour. 

Frangibility. Flexibility. 

Hardness, Double refraction. 
Streak. Touch, taste, and odour. 
Magnetism. Powder. 

Electricity. Adhesion to the tongue. 
Specific gravity. Phosphorescence. 


CLeAvAGE.—It may be necessary to add a few re- 
marks on this subject, which is not particularly dwelt 
on in the work of Phillips. It means the indications of 
the faces of the primary crystal, or at least of some of 
them. There are several minerals which possess cleavage 
so perfect, that they at once exhibit the crystalline faces, 
by splitting into fragments, having each the crystalline 
shape of the mineral; as calcareous spar, which breaks 
into rhomboids, and galena, which divides into cubes. 
Other minerals require more care; sometimes: the 
natural joint may be seen by turning the crystal round 
in a strong light; and by the application of a chisel, ora 
small knife, it may be cleaved in those directions; or it 
may be split by means of a pair of small cutting pin- 
cers, whose edges are parallel. A small, short chisel, 
fixed, with its edge outward, in a block of wood, is a 
convenient instrument on which to rest a mineral which 
‘we are desirous of cleaving. Minerals, sometimes, 
cleave only in one direction, as mica; sometimes in two, 
three, or four. As some practice is requisite, it will be 
expedient to commence with a facile substance, as car- 
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bonate of lime, or galena, and proceed to others more 
complicated and refractory. 

The student, when he has gone through this prelimi- 
nary course of reading, may enter on the practical exa- 
mination and study of his collection. In so doing, he 
will find it expedient to confine his attention to a few ob- 
jects at once; anda single genus, if somewhat extensive, 
as, for instance, quartz, will afford ample study for the 
first few lessons. 

Use or tHe Browrire.—Having thus made some 
acquaintance with the laws of crystalline form, and the 
system of crystallography, as most generally adopted, as 
well as with the general characters of minerals, the 
student should next examine them by means of the blow- 
pipe. His text-book for this purpose should be a cheap 
and unpretending little work, already mentioned, enti- 
tled, ‘‘ Griffin’s Treatise on the Use of the Blow-pipe;” 
by the guidance of which we venture to assure our 
reader he will not only acquire the use of that instru- 
ment with little trouble or delay, but will soon have no 
difficulty in satisfying himself of the name and properties 
of any mineral which may fall in his way. Another work, 
by the same author, entitled ‘‘ Chemical Recreations,” 
contains some useful tables of the behaviour, (as it is 
called,) of minerals before the blow-pipe, the colour of 
their beads when fused with the various fluxes, &c. &c. 
The directions contained in these treatises are so simple 
and judicious, that we shall at once refer to them for 
farther particulars, and content ourselves with | @ very 
few plain and practical observations. 

In the first place, we have ever found the plainest 


and most simple blow-pipe to be the best; the common 
13 
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curved brass instrument used by jewellers, without a 
bulb, is what we prefer; and of these we should recom- 
mend two, one with a small orifice for the inner, and 
one with a larger for the outer flame. With reference 
to the use of the instrument, our own experience tends 
to convince us that the difficulty of employing it 1s 
much exaggerated, and that, in fact, there is very little 
trouble in the matter. We add, however, the following 
directions for those who may require them :— 

The great object, of course, is to maintain an equal 
and steady stream of air, as long as is required. To 
effect this, the beginner should first learn to breathe 
through the nostrils, keeping the mouth shut; next let 
him distend the cheeks with the air thus inhaled, and 
make several respirations without allowing the air to 
escape from his mouth; when able to effect this, let 
him put a blow-pipe between his lips, and filling his 
mouth with air, expel it, gently and steadily, by the 
action of the cheeks, while he breathes by his nostrils, 
applying the tongue to the palate, so as to interrupt, 
In some degree, the communication between the mouth 
and the nostrils. As the air in the mouth becomes 
exhausted, it may be renewed by withdrawing the 
tongue from the palate, and replacing it again, as in 
pronouncing the syllable tué. Let him first practise 
this with the blow-pipe alone, without applying it to a 
flame at all; next let him try to keep up a flame 
without directing it to any object; and lastly, let him 
attempt to oxidize some of the metals, to reduce some 
of the most facile ores, and to fuse some of the most 
fusible earthy substances. Bismuth or galena will 
answer to begin with; and having practised with a few 


USE OF THE BLOWPIPE. 179 


others, he may attempt the various substances in the 
order prescribed in the treatise of Mr. Griffin. 

As regards the flame, we should advise him to com-* 
mence with a candle: one of a substantial size and 
large wick is to be preferred ; such as are called shoe- 
makers’ candles, with double wicks, are extremely well 
adapted for the purpose. As the candle, however, is 
apt to gutter, from the heat of the charcoal on which 
the mineral requires to be placed, the student as he 
advances may use a tinned lamp, which may be fed 
with oil, or tallow, or naphtha. Alcohol is best, as 
being clearest, and giving no smoke, but it is of course 
the most expensive. The wick of the lamp, or candle, 
it may be added, should be divided, to give the greater 
extent of flame, and should be bent in the direction of 
the object to be examined. The orifice of the blow- 
pipe should be held about the tenth of an inch above 
the bent wick, and the air should be impelled along the 
wick without touching it. The operator should place 
the candle in such a position as to be able to rest both 
elbows on the table. It may be necessary to add, that 
a gentle and steady blast is quite sufficient, and that 
beginners commonly blow with too much violence. 
Should the student still find a difficulty in using the 
instrument,—which, after the above information, we 
can scarcely conceive will be the case,—he has only to 
apply to the first working jeweller at hand, and such 
@ person will be fully able to instruct him. 

The blow-pipe is usually placed in two different po- 
sitions with reference to the flame, which will be best 
explained by the following figures. The first represents 
the outer, or oxidating flame. 

To produce this, it is necessary to use the blow-pipe 
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with the larger orifice, and to insert it about the tenth 
of an inch into the flame, and about the same distance 
above the wick, while the assay, which is supported on 
a platinum hook, is held at the point of the flame. 


FI G. 74. 


The inner, or reducing flame, is managed as follows : 
the blow-pipe should have a smaller orifice than that 
employed for the outer, or oxidating flame ; it is neces- 
sary to blow a little stronger than in the last experi- 
ment, and the position of the assay should be such that 
it is surrounded by flame. 


The small fragment of a mineral submitted for ex- 
amination by the blow-pipe is called the assay; and 
with respect to size, the beginner should not attempt 
a piece larger than a grain of mustard-seed. It is a 
common fault to commence with specimens which are 
too large. It ought, if possible, to be chipped off, in 
the shape of a small scale, with a sharp edge, or point, 
because these points are more easily acted on than those 
which are thicker; and in proportion as the point be- 
comes rounded, or retains its sharpness, it may be 
considered fusible or infusible. Next take a piece of 
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charcoal, {that prepared from alder is best,) and, with a 
borer made for the purpose, make a neat little hole 
about the eighth of an inch deep, and the fourth of an 
inch wide, and situate between the centre and the edge 
of the piece of charcoal. It will be expedient to saw 
the charcoal into sticks an inch square, and to support 
them on a piece of tin, bent at the end to hold them 
firmly. 

The preparatory operation, termed roasting, or cal- 
cining, consists in submitting the metallic arseniurets, 
sulphurets, and other substances, to a low, red heat; 
the supports, that is the substances on which it is 
placed, being either charcoal, mica, the open glass tube, 
or the tube with a bulb at the end, called the glass 
matrass. 


FIG. 76. 

Unless this operation be carefully performed, so as to 
expel all the sulphur or other volatile matter, it will be 
found impossible to reduce the ore with any satisfactory 
result. 

Fluxes are substances added to metallic ores, or other 
minerals, in order to promote their fusion. ‘ The most 
useful of these are borate of soda, or borax; carbonate 
of soda, and microcosmic salt, which should be procured 
pure, and kept in phials. 

The mode of proceeding with the fragment of a 
mineral to be examined by the blow-pipe is this: first, 
heat it gently in the glass matrass, observing whether 
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it give off water, change colour, decrepitate, give off 
volatile matter, and whether such matter be sulphur, 
known by its peculiar odour; arsenic, which in smell 
resembles garlic; selenium, which gives an odour re- 
sembling decayed horseradish; or mercury, which is 
known by its peculiar appearance. 

The next progress, will be to heat another fragment 
of the same mineral], without fluxes, on charcoal; ob- 
serving whether, on being gently heated in the outer 
flame, it give off volatile matter, and whether such 
matter be sulphur, arsenic, or selenium, &c.; whether it 
decrepitate, become magnetic, fuse, and whether such 
fusion be complete, partial, quick, slow; with a pasty 
aspect, or with the appearance of a liquid; whether 
it intumesce, and that slightly, or violently ; whether 
it volatilize ; whether it give off fumes, and whether they 
be copious or slight; white or of what other colour; 
whether they leave a remainder or not, and whether they 
condense, or do not condense on the support. It is 
also to be observed, whether the assay colour the jet; 
burn either with or without a flame; change colour 
once, or more than once; whether it become absorbed 
by the charcoal; whether it fuse with a result, and — 
whether such result of such fusion be a bead of metal, 
or ashes, or powder; a glassy globule, or a white 
enamel; whether the glass be transparent, or filled with 
air-bubbles; coloured or colourless; homogeneous or 
heterogeneous; and whether the enamel be smooth, or 
have the appearance of a frit, or whether it be homo- 
geneous or heterogeneous. 

A fragment of the mineral well roasted, to drive off 
all metallic matters, is then to be heated with the 
different fluxes, and its behaviour with each noted, ob- 
serving all the particulars above enumerated, after fusion, 
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in treating of its behaviour on charcoal alone. The 
order in which the different appearances take place must 
likewise be noticed, and whether they occur on the first 
application of heat, or after long exposure to its action. 
For earthy minerals, charcoal is not a convenient sup- 
port; they may be first dried in the matrass; and then a 
small scale held in the forceps is to be heated, first in the 
outer flame, then in the inner, in order to try its fusi- 
bility. If it should prove refractory after a long appli- 
cation of the inner flame, and if no appearance of round- 
ness on the point or edges of a minute scale or splinter 
can be discovered through a lens, it may be considered 
infusible by itself, and may then be heated with soda, 
on platinum foil, or wire. By this process, fusion will 
be effected, and the tinge imparted to the glass thus 
produced will indicate the metallic oxide, which forms 
the colouring matter of the mineral. 

CLASSIFICATION OF MinerRALS.—Mr. Griffin, in his 
Treatise on the Blow-pipe, already mentioned, divides 
the minerals into four classes, according to their habits 
before the blow-pipe, and other characters easy to be 
ascertained. 

The classes comprise 

1 Combustible minerals. 
2 Metallic minerals. 
3 Earthy minerals. 

' 4 Saline minerals. 


1. The combustible minerals are distinguished by 
the following characteristics. 

They are of low specific gravity, generally below 2°0, 
water being as 1°0; none, with the exception of the 
diamond, being above 2°5, and some so light as to float 
on water. 
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They are all (with the exception again of the diamond) 
soft, yielding easily to the knife ; some are liquid. 

Some of them are highly combustible, at or below a 
red heat. The rest are all, more or less, combustible by 
the action of the blowpipe; even the diamond is slowly 
combustible at a less heat than is required to melt 
silver. 


2. The characteristics of the second class, the metallic 
minerals, are, 
Specific gravity exceeding 5. 
Lustre metallic when scraped. 
These are in the metallic state. 
Or specific gravity less than 5°0, but more than 2°5, 
and they are destitute of the metallic lustre, but they 
are 
| Reducible to the metallic state by the blow-pipe, or 
Rendered magnetic, or 
They volatilise wholly, or in part, producing a 
vapour, or 
Communicate a colour to borax. 
Some of the substances of this class are combustible, 
but their specific gravity greatly exceeds that of the 
combustible minerals of class 1. 


$. The earthy minerals are characterised as follows : 
Insoluble in water. 
Tasteless. 
Incombustible at a white heat. 
Specific gravity less than 5°0. 


They are farther destitute of true metallic lustre 
when scraped; are not reducible to the metallic state ; 
nor do they volatilise at a high temperature before the 
blow-pipe. 
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4. The saline minerals are 
Soluble in water, and 
Impart a taste. 

These classes are divided into orders, and some 
of the orders into genera, and the genera again into 
families. 

The first class is divided into two orders, charac- 
terised by their burning with a flame, or without it. 

The second class is also divided mto two orders, the 
characteristics of which are volatising, or not volatising. 
The first order is divided into genera, distinguished, 
the first, by volatising wholly; the second, by leaving 
a residue reducible to the metallic state with borax ; 
and the third, a residue not so reducible. 

The characteristics of the families, into which the 
genera of the first order are divided, are the absence or 
presence of the metallic lustre. 

The characters of the genera of the second order are, 
the being, or not being, reducible to the metallic state, 
either with or without borax. The families are dis- 
tinguished by the absence or presence of the metallic 
lustre; or by the assay becoming, or not becoming, 
magnetic after roasting. 

The third class, the earthy minerals, are divided into 
three orders. First, those that are soluble, wholly, or in 
a considerable proportion, in cold, dilute, muriatic acid. 
Secondly, those fusible before the blow-pipe. Thirdly, 
those infusible. The first order is not divided into 
genera and families. The second and third orders are 
divided into several genera, the characteristics of which 
are their different degrees of hardness ; and these degrees 
of hardness are characterised by the minerals, first, 
scratching quartz with ease ; secondly, scratching quartz 
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with some difficulty, and scratching feldspar with ease ; 
thirdly, being as hard, or harder, than feldspar; being 
scratched by quartz, and scratching window glass with 
ease; fourthly, being softer than feldspar; scratching 
fluor, and scratching window glass feebly ; fifthly, being 
scratched by fluor spar. 

The fourth class, or the saline minerals, are divided 
into two orders, the characteristics of which are, the 
giving or not giving, when in solution, a precipitate with 
carbonated alkali. These orders are not divided into . 
genera and families, the minerals composing them being 
few, and easily distinguished. 

For further details, more especially connected with 
the chemical department of the science, we again refer 
to the works of Tumer, Thomson, Brande, Griffin, 
&c. By pursuing the various branches of inquiry 
which we have thus pointed out, by studying first, the 
principles of crystallography ; by investigating, next, the 
external characters of minerals ; and by directing his at- 
tention, lastly, to their chemical relations, the student 
will, by insensible and rapid degrees, acquire a highly 
valuable acquaintance with this interesting science, and 
will soon be able to effect the essential objects of 
identifying the various mineral substances submitted 
to his inspection, and of connecting their occurrence 
with the respective deposits in which they occur, and 
with the general structure and past history of the earth. 
In short, he will speedily be enabled to acquire a suffi- 
cient knowledge of the subject for every purpose of 
geological investigation. 
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EXERCISES 
ON CRYSTALLINE FORMS. 


1. Let the student, as before mentioned, take a piece 
of soap or a turnip, and cut it into a form resembling the 
following figure, he will produce a cube, and will thus 
form the first geometrical figure in the series, 


FIG. 77. 


2. Cut off the corners regularly and evenly, so as to 
leave a neat little triangle at each corner, and you will 
have made an important advance. In scientific terms, 
you will have replaced the solid angles by triangular 
planes. 


FIG. 78. 


3. Continue cutting off the corners till the faces of the 
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cube disappear, and you will effect another modification ; 
the cube will be changed to the octohedron. 


FIG. 79. 


4. Cut off the corners of the octohedron, and you will 
produce the following figure. 


x 


PIG. 80. 


And if you continue these cuttings till the faces of the 
octohedron disappear, a cube will again be formed. 


FIG. 81. 


5. Form a cube a second time, and cut away its four 
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alternate corners, till the faces of the cube are destroyed, 
and you will form a tetrahedron. 


FIG. &2, FIG. 83. 


G6. Form a cube a third time, and cut off its edges 
evenly and neatly, so as to take off as much on one side 
as the other, and you will have effected another opera- 
tion, that of replacing the edges of a cube by tangent 


planes, as 


FIG. 84. FIG. 85. 


7. Continue these cuttings till they intersect, and the 
rhombic dodecahedron will again be produced. 


8. Form an octohedron, and cut off its twelve edges 
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in a like even manner, and you will likewise replace its 
edges by tangent planes. 


FIG. 87. 


9. Continue these cuttings till they touch each other, 
and you will again produce the rhombic dodecahedron, 
figure 86. : 

10. Form a cube a last time, for the following pur- 
pose, which has already been mentioned. Cut off the 
corners very carefully and regularly, and as carefully 
lay the slices aside till you have formed the octohedron. 
Then replace the slices on the octohedron, till you 
restore it to a cube, 


FIG. 88. 


11. Form an octohedron for the like purpose, reduce 
it to a cube, and, by replacing the slices, restore it to an 
octohedron again, figure 81. 

12, Commit to memory the names of the fifteen pri- 
mary forms, page 157; study their characteristic differ- 
ences, as well as their geometrical relations; copy their 
outlines on tracing paper, and study them by the assist- 
ance of a series of models. 
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18. Describe their appropriation in the system of 
Mohs. 

Obs. The figures have in various instances been inten- 
tionally repeated for the convenience of learners, schools, 
classes, &c. 


EXERCISES 
ON THE GENERAL CHARACTERS OF MINERALS. 


1. We would here repeat the recommendation which 
we have previously urged on the student, viz., to com- 
mence by reading with much care the Introduction to 
Phillips’s Mineralogy, and to devote his peculiar atten- 
tion to the chapter on structure, as well as to the 
various sections which treat of external form, fracture, 
hardness, double refraction, and specific gravity. 

2. Commit to memory the divisions of mineral sub- 
stances, as enumerated both by Phillips and Griffin, 
and learn the chief types of each class. 

8. There are some half-dozen different substances 
which, from their occasional resemblance to each other, 
should be studied with peculiar assiduity; and the 
pupil should accustom himself, both in theory and 
practice, to distinguish between them, both as single 
minerals, and in their combination in rocks. They are 
quartz and carbonate of lime, hornstone and feldspar, 
and augite and hornblende. With a view to this object, 

4. Describe quartz under its general physical cha- — 
racters of mineral composition, hardness, fusibility, 
forms and localities of occurrence, crystalline form, and 
different species and varieties. 
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5. Ascertain in what respects quartz differs from 
crystallized carbonate of lime, and what are its best 
discriminating characters. 

6. Describe carbonate of lime under the heads speci- 
fied above, and repeat in what particulars it is distin- 
guishable from quartz. 

7. Describe, in a similar manner, hornstone and feld- 
spar, and state the points of distinction between such 
varieties of these substances as resemble each other. 

8. Describe augite and hornblende, and state their 
distinctive characters. 

9. The student is farther recommended to pay par- 
ticular attention to the following mineral substances, as 
being of frequent geological occurrence, viz., mica, tale, 
clinkstone, claystone, chlorite, actinolite, hypersthene, 
diallage, serpentine, steatite, jasper, porphyry, basalt, 
carbonate of magnesia, bitterspar, dolomite, sulphate of 
lime, bitumen, oxide of iron, sulphuret of iron, iron and 
copper pyrites, schorl, garnet, and chiastolite. 

10. Commit to memory those minerals which repre- 
sent the scale of hardness. 

11. Select various sets, comprising each some half- 
dozen familiar substances, and describe their principal 
characters, as primary form, fracture, colour, transpa- 
rency, hardness, action of acids, action of blow-pipe, 
&c, &. 

12. Write out a list of crystalline forms, and copy, 
on tracing paper, the outlines of such as are most fami- 
liar and frequent of occurrence. 

18. Copy and commit to memory a list of the zeo- 
lites, enumerating their principal varieties and distinc- 
tive characters. 

14. In exemplifying the above instances, the student 


GENERAL CHARACTERS OF MINERALS. 193 


should be careful to unite practice with theory, and to 
examine every substance by specimens from his own 
cabinet, with the view to realize the features of the 
descriptions which he finds in books. 

15; After a short period, he may request a dealer to 
place before him a drawer filled with various but allied 
species of minerals, and may endeavour to ascertain the 
names and characters of each. 

16. When sufficiently advanced, he may direct a col- 
lection of heterogeneous kinds to be placed before him, 
and may endeavour to identify the names and varieties. 

17. At a more mature period he may disarrange the 
whole of a collection, and endeavour to restore each 
specimen to its place. 

18. For further examples of preparation for investi- 
gations by the blow-pipe, the use of tests, and re- 
agents, and of the blow-pipe itself; the student is again 
referred to the works of Griffin, Turmer, Thomson, 
&e. &e. 


CHAPTER VI. 


‘ PHYSICAL GEOLOGY. 


AUTHORS: HUTTON, PLAYFAIR, M‘CULLOCH, BAKEWELL, LYELL, 
MURCHISON, DELABECHE, &c., &c. 


MUSEUMS: GEOLOGICAL SOCIETY, MUSEUM OF ECONOMIC GEOLOGY. 


Havine furnished the preceding elemeritary informa- 
tion, respecting the substances composing rocks, we will 
now proceed to offer an outline of the nature and classi- 
fication of the rocks themselves. The clearest and 
most comprehensive arrangement which the, beginner 
can form, is by reducing them to that fourfold division, 
under which they may be classed as follows : 

I. After penetrating through the vegetable mould, 
or alluvium, or drift, or any other local, superficial 
deposit, the underlying rock, at certain points, is found 
to be a substance of crystalline, or glassy texture, con- 
sisting of one or other of the plutonic or unstratified 
rocks, comprising granite, with its associate deposits 
of syenite, greenstone, hypersthene rock, diallage 
rock, and serpentine; or one of the trap rocks, in- 
cluding basalt, porphyry, clinkstone, claystone, com- 
pact feldspar, pitchstone, &c., &c., which are all 
characterized by the two distinctive features of the 
absence of stratification and of organic remains. 

II. In other localities the crust of the earth, sub- 
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jacent to the casual accumulations above-mentioned, is 
formed of volcanic rocks, comprising the lavas, tra- 
chytes, basalts, greystones, obsidian, pumice, tufa, &c., 
the ejection of modern volcanoes. 

III. In other places we meet, in the same relative 
position, with the metamorphic or altered rocks, or 
primary strata, as they are variously styled, which are 
conceived to be sedimentary deposits, altered by heat ; 
resembling the plutonic or unstratified rocks in being 
destitute of fossils, but differing from them in the fact 
that they present marks of stratification. 

IV. At other points we find, in similar situations, the 
aqueous or fossiliferous strata, which are charactized 
both by stratification and the presence of fossils. 

The foregoing classification is obviously susceptible 
of being reduced to one of more simple, that is of two- 
fold kind; for as the rocks of the first two classes 
above enumerated have been melted, and those of the 
third altered by the action of fire, while those of the 
fourth have been deposited by that of water, it results 
that all rocks may be referred to the agency either of 
fire or water, it being to these antagonist forces that 
the Almighty has delegated the task of renewing and 
perpetuating the solid crust of the earth. 

ARRANGEMENT OF Deposits.—At an earlier period 
of the science, the arrangement and nomenclature of 
the rocks, with reference to their order and succession, 
were determined as follows: 

The plutonic and metamorphic rocks bore the general 
name of primitive, it being conceived that they were 
formed before all others. The deposits lying immediately 
above them, from resembling the schistose rocks below, 
in their crystalline texture, while they bore a similarity 

k 2 
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to the sedimentary substances above, in exhibiting 
proofs of mechanical origin, and containing organic 
remains, were conceived to form an intermediate class, 
and the name of transition rocks was employed to 
distinguish them. The succeeding strata, up to the 
chalk, were termed secondary, and all above the chalk 
were named tertiary formations. The progress of 
geological inquiry, however, soon brought facts to light, 
which compelled a considerable change in this nomen- 
clature. It was found that the primitive rocks so called 
were, in fact, of various ages; that some had been 
erupted as late as the close of the secondary, and others 
during the tertiary period, having penetrated and altered 
strata of that date. It was discovered that the so- 
termed transition strata were, in like manner, of various 
ecological dates and characters, and the result has been 
the adoption of the arrangement now generally received, 
by which the primitive rocks, as they were previously 
termed, are distinguished as plutonic, or unstratified, and 
metamorphic, or stratified; while the term transition is 
virtually abolished, and the whole series of fossiliferous 
deposits, from the earliest, up to the chalk, are termed 
secondary ; the inferior beds up to the carboniferous 
series being sometimes styled the lower; those from the 
carboniferous system to the oolite, the middle; and the 
wealden and chalk, the upper; the strata: which overlie 
the chalk, being named tertiary; while the loose and 
superficial beds of sand, loam, and gravel, are deno- 
minated modern alluvium; and, as these last in some 
districts are strewed with boulders, and masses of pri- 
mary rock, such deposits, with some others, are termed 
ancient alluvium; the beds of gravel, &c., being con- 
ceived to be the result of agencies still in operation, while 
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the drift and boulders are regarded as the effect of vio- 
lent floods or inundations which have ceased to act on 
our globe. These subjects of drift, or till, as it is 
locally termed, and erratic blocks or boulders, have 
recently engaged considerable attention, and an opinion 
is fast gaining ground that the erratic substances in 
question are the results of an agent now in operation, 
and that they have been transported by icebergs which, 
on melting, have deposited them at the bottom of the 
then existing sea. M. Agassiz, as before mentioned, 
has suggested the glacial theory, as accounting for 
these deposits; but this hypothesis is scarcely received 
with so much favour as the preceding; while, in either 
case, the introduction of ice, as a moving power, 
constitutes a new and striking feature in geological 


inquiry. 
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FOSSILIFEROUS DEPOSITS. 


The following table will convey a general idea of the 
various formations, as regards their chief and distinctive 
features of order of succession; mineral composition ; 
and characteristic fossi] remains. 

I. Alluvium, modern and ancient; the term modern 
being applied to the deposits now in course of formation, 
or appertaining to the historic period, comprising beds of 
rivers, lakes, peat-bogs, coral-limestones, volcanic ejec- 
tions, calcareous deposits from mineral springs, &c., 
containing the remains and the works of man ; the latter 
appellation of ancient being usually bestowed on like 
accumulations formed prior to the historic era, and con- 
taining no vestiges of the human race. 
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THE TERTIARY FORMATIONS. 


II. A vast accumulation of various deposits, marine, 
lacustrine, fluviatile, and volcanic, containing marine 
exuvie, shells of the lake, river and land; plants and 
remains of mammalia of extinct and existing species. 


SECONDARY FORMATIONS. 


IYI. Tue Cuarx, or Cretaceous Group.—A marine 
series of deposits, including strata of limestone, sand- 
stone, marl, and clay, abounding in marjne organic 
remains, plants, corals, echinodermata, mollusca, crus- 
tacea, and fish, with turtles and reptiles. 

IV. THe Weatpen Formation.—A singular and 
unique interpolation of fluviatile strata, among the 
marine formations of the secondary period, being the 
delta of an ancient river, and comprising beds of sand- 
stones, limestones, and clays; containing land-plants, 
fresh-water mollusca, and fish; tortoises, turtles, croco- 
diles, and enormous reptiles, the iguanodon, hylosaurus, 
cetiosaurus, megalosaurus, &c., &c. 

VY. Tue Ootrre.—A series of marine strata, of enor- 
Mous extent; comprising limestones, sandstones, and 
clays, replete with marine mollusca, corals, shells, fish, 
and reptiles, terrestrial plants, and two species of mam- 
malia, of the marsupial order, 

VI. Tue Lias.—A group of marine argillaceous lime- 
stones, marls, shales, and clays, with marine mollusca, 
crinoidea and fishes; wood and plants, and enormous 
reptiles, chiefly of the genera ichthyosaurus and plesio- 
saurus. 

VII. Tue *PortKkiLitic, oR VARIEGATED, OR SALIFE- 


* From mocrkeXog, variegated. 
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rous Group.—A marine formation, including marls, 
sandstones, limestones, and conglomerates frequently of 
red, and occasionally of variegated hues, containing 
gypsum and rock-salt, with corals, mollusca, plants, fish, 
and batrachian reptiles. 

VIII. Toe Carsonirerous System, orn Coat.— 
Consisting of shales, clays, ironstone, sandstone, mill- 
stone-grit, and limestone, interstratified with seams of 
coal, containing fresh water, and marine mollusca and 
fish, and innumerable remains of terrestrial and aquatic 
plants of tropical types, but of extinct genera and 
species. The mountain limestone, with some beds of 
shales, sandstones, and inferior coal. 

IX. Tue Devonian, on OLD RED SANDSTONE Sys- 
TEM.—A marine formation; consisting of red and green 
marls, concretionary limestones, called cornstone, con- 
glomerate, tilestone, micaceous and grey sandstones, 
green slates, and sandstone, and blue crystalline lime- 
stone, containing corals, mollusca, and fish. 

X. Tue Sirvurian System.—An extensive series of 
marine deposits; comprising limestones, sandstones, | 
grits, flag-stones, shales, and slates, containing corals, 
mollusca, crustacea (trilobites), and fish. 

XI. THe Camparian SystEmM.—A marine formation, 
comprising vast beds of slate rocks, with dark-coloured 
limestones, and sandstones, containing two or three 
species of corals, and of brachiopodous mollusca. 

XII. Toe Cumsrran Systzm.—A like extensive 
series of deposits, obviously of sedimentary origin, but 
in which no organic remains have been discovered. 


THE PRIMARY STRATA. 


XIII. Tue Mica-scuisr.—Composed of mica and 
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quartz, interlaminated so as to present the appearance 
of stratification, but containing no organic remains. 

XIV. Tue Gneiss.—Formed of the component parts 
of granite ; mica, quartz, and feldspar, fine-grained and 
laminated, so as to present the appearance of having 
been produced by the abrasion of granite, and then 
deposited in water. Both the gneiss and mica-schist 
are conceived to have been altered by heat, subsequently 
to their deposition. 


THE PLUTONIC, OR UNSTRATIFIED PRIMARY ROCKS. 


XV. THe GRANITE AND TrapPpEAN Rocxs.—Com- 
prising granite, syenite, greenstone, hornblende, diallage, 
serpentine, &c.; together with basalt, porphyry, clink- 
stone, claystone, and the trap rocks, the whole being 
alike destitute of stratification and of organic remains. 

The relative thickness of each of these several depo- 
sits has been estimated as under, but the statement must 
be regarded as a mere approximation, and the proba- 
bility is that, with reference to the lower beds, the thick- 
ness is much greater than is here mentioned. 

Tertiary System ; : . 2,000 feet. 
Cretaceous é ; j ‘ 1,100 
Weald =. ‘ ; ‘ . 1,000 
Oolite and Lias : : ;: 2,500 
Saliferous ‘ ;: . ‘ 2,000 
Carboniferous . ; ‘ - 10,000 

Old Red Sandstone . ; - 10,000 
Silurian . : z 7,500 
Cambrian : ; i - 20,000 
Cumbrian, at least. , - 10,000 
Primary unascertained, but far exceeding that of 

any of the superposed deposits. 
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Geotogicat Deposits or Great Britain.—A mere 
glance at the physical geography of our island will 
reveal to us its varied and favourable geological] condi- 
tion, and will show that it presents a regularly descend- 
ing scale of deposits, affording every geological pro- 
duction best adapted to supply the wants and stimulate 
the energies of mankind. 

To commence with the most recent, the tertiary 
system, we find these deposits occurring in the Isle of 
Wight, and the adjacent counties of Hampshire and 
Dorsetshire; they appear in the metropolis and its 
vicinity, the valley of the Thames, comprising the entire 
county of Middlesex, with portions of Essex, Kent, Sur- 
rey, and Sussex ; they re-appear in the crag of Norfolk 
and Suffolk, and are traced in Yorkshire, and in part 
of Scotland. The chalk succeeds, occupying portions 
of Sussex, Surrey, Kent, Hants, Dorset, Wilts; and dip- 
ping under the valley of the Thames, occurs north of 
London, in the counties of Hertford, Bedford, Bucking- 
ingham, Oxford, Norfolk, Lincoln, and York. The 
loca] deposits of the weald fill up the interval between 
the chalk hills of Surrey and Sussex, known as the 
North and South Downs, and appear, to a slight ex- 
tent, in Wiltshire. The oolite system follows, and 
commencing with the Isle of Portland, pursues a devious 
and winding course through the heart of England, 
from our south-eastern to our north-western shores ; 
proceeding through the counties of Dorset, Wilts, Berks, 
Gloucester, Oxford, Rutland, Northampton, Lincoln, 
and York, where it terminates in the vicinity of Scar- 
borough. The lias succeeds in order, and commencing 
at Lyme Regis, in Dorsetshire, follows a similar and 
uneven course, in the same direction, through the 
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counties of Dorset, Wilts, Berks, Somerset, Gloucester, 
Warwick, Leicester, Nottingham, and Lincoln, into 
Yorkshire, where it is traced to the sea-coast, and the 
cliffs of Redcar, near the mouth of the Tees. The new 
red sandstone, the succeeding member in the series, 
commencing in the vicinity of Exeter, and pursuing a 
similar direction through the midland districts; traverses 
the counties of Devon, Somerset, Warwick, Stafford, 
Nottingham, Lancashire, Cheshire, and Cumberland, 
where it gives place to slaty rocks, of older date. The 
magnesian limestone, an associate deposit, is developed 
from the Trent to the Tyne, in the counties of Notting- 
ham, Shropshire, York, Westmoreland, and Durham. 
The coal formation, the next in the sequence, follows 
no regular course, but is distributed in local areas, 
called basins, from their forms. The principal, commen- 
cing with the south, are those of Somersetshire, Glou- 
cestershire, North and South Wales, Worcestershire, 
Staffordshire, Warwickshire, Leicestershire, Derbyshire, 
Nottinghamshire, Lancashire, Yorkshire, Cumberland, 
Durham, and Northumberland ; and in Scotland, those 
of the Forth and Clyde, with others in various parts of 
Ireland. The old red sandstone is developed in Devon- 
shire, Herefordshire, Monmouthshire and Shropshire ; 
and in Caithness, Cromarty, and other parts of Scot- 
land. The Silurian, the succeeding term in the order, 
occurs in Gloucestershire, Worcestershire, Staffordshire, 
Herefordshire, Shropshire, Radnorshire, Montgomery- 
shire, Caermarthenshire, Breconshire, Pembrokeshire, 
and Monmouthshire. The Cambrian and Cumbrian 
systems consist of masses of sub-crystalline and slaty 
rocks developed in the county of Cumberland and in 
Wales, and the mica-schist, gneiss and granite forma- 


GRANITE. 203 


tions occur in the Highlands and western isles of 
Scotland and in Ireland; the whole series forming, , 
with one or two trifling omissions, a complete epitome 
of the physical geography of the whole earth, and in 
the comparatively limited extent of a few hundred 
miles, comprising such deposits, and bestowing such 
blessings, as in other and less favoured regions are only 
to be met with, spread over extensive continents, and 
much larger areas of the surface of the earth. 

We shall now proceed to give a general idea of the 
varied deposits under the same fourfold classification to 
which we have already alluded. 

First Crass. Tue Piutonic orn MELTED Rocks.— 
GranitE.—Granite is a compound, crystalline rock, 
composed, when in its regular form, of crystals of 
mica, quartz, and feldspar, which are aggregated con- 
fusedly together, so as to interfere with the form of 
each other, and to be separable by mechanical means. 
The mineral which generally predominates so as to give 
its own hue tothe rock, is feldspar, which is most 
commonly dark red, or white; quartz, which is the 
prevailing substance next to feldspar, and has a 
_ proportionate share in determining the colour of the 

mass, is usually white or grey, and occasionally almost 
black. Mica, when black, imparts that hue to the 
rock, but when, as frequently occurs, it is brown or 
white, it gives those tints to the substance; while the 
admixture of hornblende, which is dark green, or black, 
produces a rock varying between these shades. It is 
evident, therefore, that a substance, conssting of various 
minerals, themselves of different hues, and mingled in 
different proportions, must be correspondingly diver- 
sified in tint, and thus we have granites of almost all 
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hues, red, white, black and grey: the most prevalent 
being white, which is the tint presented by that of 
Cornwall; or red, which is the colour chiefly exhibited 
by the Scottish varieties. A striking example of each 
kind is exhibited in immediate juxta-position in Water- 
loo-bridge, where the coping-stone is of the red, while 
the balustrades are of the white variety. There are 
other substances which enter into the composition of 
granite, as chlorite, talc, actinolite, steatite, cleave- 
landite, compact feldspar, &c.; but specimens of this 
nature, are, comparatively, rare of occurrence, and 
limited in extent, and are to be considered as ex- 
ceptions to the rules which we have mentioned above, 
as generally regulating the composition of the rock. 
Granite occurs as the foundation-rock on which all 
the others repose, while it rises to the highest eleva- 
tions and loftiest pinnacles on our globe, constituting, 
as it were, the skeleton, or framework to which all 
the other deposits are attached. It is, however, 
obvious, that the substances which yield the materials 
of the trap and volcanic rocks ejected to the surface, 
must lie far below the granite. Granite likewise occurs 
in the state of beds of irregular shape, among strata of 
gneiss and other ancient stratified deposits. It is also 
met with in veins, intruding into rocks of all ages, from 
those granitic injections which are found to penetrate 
masses of granite older than themselves, up to similar 
intrusions into the latest secondary, and even the tertiary 
strata. It has been discovered in the Pyrenees, pene- 
trating into a rock of the same date as the chalk; syenite, 
. which is little other than a variety of granite, has been 
found overlying the chalk at Weinbéhla, in Saxony, as 
well as in the county of Antrim, in Ireland; while Mr. 
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Darwin has observed, that the granite of the Cordilleras 
of South America has been fluid as recenfly as the tertiary 
period, and has altered and contorted strata of that date 
and character. Granite veins are often found inter- 
sected by veins of granite, still newer than themselves, 
and the rock occasionally occurs as dikes, which are, 
in fact, similar ramifications on a larger scale, the 
essential difference being that the dikes continue for 
a longer distance, while the veins thin out and are 
lost in filaments and threads. Indeed it may be stated, 
that every mass of granite which forms the central 
peak of a mountain-chain, is no other than a dike on 
an enormous scale, which has burst through the super- 
incumbent strata, and borne them upwards in its eleva- 
tion. While granite is conceived to have generally 
been erupted in a fluid condition, instances occur in 
which it has obviously been protruded in a solid state. 
The proofs of this latter circumstance are afforded by 
the absence of any dikes, veins or filaments ramifying 
into the surrounding rocks, as well as by the presence 
of conglomerates and breccias resulting from the grind- 
ing and attrition of such rocks by the elevation of the 
granitic mass. The chief British localities of granite 
are, in England; Cumberland, Cornwall, and Devon ; 
in Scotland; the Highlands and the Isle of Arran; and 
in Ireland; the Mourne mountains. 

SyvenITE.—This is granite in which mica is replaced 
by hornblende, which gives a darker hue to the mass. 
Its name is derived from the city of Syene, in Upper 
Egypt, where it largely abounds. 

GreENSTONE.—This term is applied to those rocks 
which are composed of feldspar and augite, or horn- 
blende. It is closely allied to syenite, differing fre- 
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quently only in the preponderance of hornblende over 
feldspar, and the grey or greenish hue thus induced. 
They frequently pass into each other, and the celebrated 
head of Memnon, (or rather of Rameses), in the British 
Museum,® affords a striking instance of this tran- 
sition, the body being of greenstone, and the head of 
syenite, though the whole bust is composed of one 
continuous mass. 

In hypersthene rock, the feldspar is compact or 
crystallized, and sometimes vitreous, and of a red or 
white colour. Serpentine is composed of diallage with 
magnesia; diallage rock, of diallage and feldspar ; both 
are frequently associated with greenstone, and pass 
into that substance. 

Tue Trap Rocxs.—These have already been men- 
tioned as deriving their name from a Gothic term 
for a stair, or terrace, because they occur in tabular 
masses, rising one above another, like terraces, or 
stairs. They comprise the porphyries and basalts 
in all their varieties of composition and aspect. The 
name of porphyry is derived from a Greek word, sig- 
nifying purple, from a variety of this stone, which 
was used by the ancients for ornamental purposes, 
being of this colour; though, in reality, its hue was 
red, rather approaching to crimson than the tint which 
we designate as purple. It is now applied to any rock 
having a compact base, in which distinct crystals, gene- 
rally those of feldspar, are embedded, and is usually 
indicated by the name of its base, as feldspar-porphyry, 
which is by far the most prevalent, claystone-porphyry, 
pitchstone-porphyry, &c., &c. 

BasaLt.—Basalt is a term now restricted to masses 
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of hornblende or augite, which contain titaniferous iron, 
and in which crystals of feldspar are visible. It hasa 
greenish or brownish black colour, is difficult to break, 
and possesses a considerable degree of hardness, but 
yields to the knife. It occurs both in harizontal tabular 
masses, and in dikes; and exhibits, in both conditions, 
the varieties of columnar, globular, vesicular, and amyg- 
daloidal structure. In overlying masses, the columns 
are usually vertical, in dikes they are frequently hori- 
zontal. The celebrated experiment of Mr. Gregory 
Watt would tend to prove, that the columnar structure 
of basalt arises from the pressure of numerous spheroids 
on each other, in the act of cooling. This gentleman, 
as is well known, fused seven hundred weight of Dudley 
basalt, called the Rowley rag-stone, maintaining the fire 
for six hours, and allowing it to cool so slowly, that 
eight days elapsed before it was removed from the 
furnace. The mass was of a wedge-like shape, four feet 
and a half long, two feet and a half wide, eighteen inches 
thick at one end, and four at the other, an inequality of 
form admirably adapted for exhibiting the different rates 
of cooling, and the various kinds of texture thus induced. 
Where the mass was thinnest, and the cooling most 
rapid, the texture was vitreous or glassy ; where it was 
thickest, and the cooling slowest, the structure became 
stony, while the intermediate parts exhibited a tran- 
sition from one state to the other. Numerous spheroids 
had been formed ; where two came in contact, they were 
compressed, and when several met they formed prisms. 
We may form some idea of the arrangement, if we con- 
ceive a number of cannon-balls to be piled on each 
other, and then to be reduced to a nearly fluid condition, 
when the pressure of these globular bodies on each other 
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would produce a columnar arrangement, similar to that 
observable in basalt. 

Basalt is frequently vesicular, and contains small 
cavities, caused by the escape of gas or vapour, while 
the rock was in a fused condition. These have been 
filled with infiltrations of carbonate of lime, agates, 
and zeolitic, and other minerals. As these nodules have 
in general an elongated shape, similar to an almond, 
such basalts are termed amygdaloidal, from the Greek 
- word for that object. Basalt, like porphyry, is con- 
ceived to have been ejected, in many instances, from 
fissures in the bed of the ocean, and to have flowed 
over the strata there deposited. The chief localities for 
these rocks in the British isles are, in England, the vici- 
nity of Durham and Dudley, and in Scotland, the High- 
lands and the neighbourhood of Edinburgh. 

Seconp Crass. Tue Votcanic Rocxs.—We have 
already alluded to the similarity between these produc- 
tions and the primary unstratified rocks, as being suffi- 
cient, in itself, to.prove the igneous origin of the latter, 
many of them, especially those of the basaltic kind, 
being so nearly identical as to render it scarcely possible 
to distinguish between the two. 

Volcanic productions are of so compound a nature, 
and exhibit varieties of combination so numerous and 
minute, as to require a separate treatise for their descrip- 
tion. The reader is, therefore, referred for this object, 
to the work of either Dr. Daubeny, or Mr. Poulett 
Scrope, on volcanoes. As a general account it may 
be stated, that they are usually divided into trachytic 
and basaltic lavas. The former derive their name from 
a Greek word, signifying rough, from the roughness of 
their surfaces; they are of a light earthy colour, and 
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feldspar is usually an essential element in their com- 
position. The basaltic varieties contain a considerable 
proportion of iron, the feldspar being replaced by other 
minerals, as leucite, and they are of dark ferruginous 
aspect. Mr. Poulett Scrope adds a third class, which 
from being neither decidedly trachytic, nor decidedly 
basaltic, from frequently containing both iron and feld- 
spar, and from being of a tint between the two, he deno- 
minates greystones. The other volcanic productions 
are obsidian, or volcanic glass, produced by a rapid rate 
of cooling; pumice, which is, in fact, volcanic froth, 
produced by the access of steam or vapour to the mass 
when in a fluid condition ; and aqueous lava or volcanic 
mud, caused by the admixture of torrents of rain, or 
of melted snows, which accompany these eruptions, and 
which, as they consolidate, form rocks of earthy aspect, 
called tuff or tufa. These substances frequently pass 
into each other, and both pumice and tufa constantly 
exhibit transitions into obsidian. As a general idea of 
the products of active volcanoes, it may be conceived 
that all lava is, essentially, composed of the same ele- 
mentary fluid substances, and that its subsequent cha- 
racter and appearance are occasioned by the different 
agencies to which it is subjected. If cooled rapidly, it 
becomes a glass; if slowly, a rock, more or less crys- 
talline, in proportion as its rate of refrigeration is more 
or less quickened; while the presence of gas and its 
extrication in cooling, leaves it a light and cellular 
mass. 

. Cause or VoLcanoEs.—The primary cause of these 
phenomena is among those problems, the solution of 
which appears to be reserved to a more advanced state 
of our knowledge. From the great quantity of gaseous 


210, THE IGNEOUS ROCKS. 


vapour evolved during eruptions, as well as from the 
genera] proximity of volcanoes to the sea, with other 
facts of like nature, water is conceived to be an active 
agent in producing these phenomena, and the two hypo- 
theses which have been proposed to account for their 
origin, both have reference to aqueous action, as having 
a considerable share in their production. The first as- 
cribes volcanic eruptions and earthquakes to the effects 
produced on a heated nucleus, mechanically disturbed 
by the access of water; the other explains the pheno- 
mena by conceiving the decomposition of water to be 
effected by means of alkaline metals, existing in the 
interior in an uncombined state. The latter hypothesis, 
which was proposed by Sir Humphry Davy, soon after 
his celebrated discovery of the metallic bases of the earths, 
was subsequently abandoned by him, but has since been 
revived by Dr. Daubeny. Much may be said on both 
sides, and while the latter supposition is considered to 
be more accordant with chemical causes, the former is 
conceived to be supported by the mechanical pheno- 
mena of the undulating movements commonly associated 
with earthquakes and volcanoes. In the mean time, 
it is conceived that the co-existence of these causes is 
by no means impossible, and that a nucleus, in a state 
of fusion, may contain various metals in a metallic 
state. 

SIMILARITY OF THE ANCIENT AND MopeERN IGNeovus 
Rocxs.—In taking a general review of the plutonic and 
the volcanic rocks, it is impossible not to perceive such 
points of similarity as serve to demonstrate their com- 
mon origin, and prove them all to be vast portions of 
melted matter which have been poured out at various 
times, and under different circumstances, from the 
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interior of the earth. We have alluded to the similarity 
existing between the products of modern volcanoes and 
the ancient plutonic rocks, as affording numerous and 
valid proofs of the igneous nature of both, and the be- 
ginner may select from the mass the following, as the 
most plain and convincing of these facts. 

1. They both bear, in many instances, a close re- 
semblance in mineral composition, many of the ancient 
basalts, as already stated, being scarcely to be distin- 
guished from the productions of existing volcanoes. 

2. They alike contain mineral substances and crystals 
in such abundance, as to constitute the chief source 
whence these objects are derived. 

3. They graduate into rocks of like nature and 
origin with themselves; thus granite passes through 
syenite and greenstone into basalt, and this last to 
pitchstone, in a manner analogous to the transition of 
modern trachyte and basalt into obsidian or volcanic 
glass. 

4. They intrude into other rocks, and calcine and 
alter them at the point of contact, converting coal into 
coke and anthracite; shale, into mica-schist, or flinty 
slate; and beds of sandstone into quartz-rock, in so 
striking a manner that it is possible to trace the effects 
from the very point of meeting, and to note the passage 
from the altered to the unaltered rock. The same 
result, under varied conditions, is alike recognised in 
modern volcanic productions. 

To enumerate the whole of those facts which might 
be adduced to prove the identity of the plutonic and 
volcanic rocks, would rather burthen than assist the 
memory of the student; and the few proofs above- 
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mentioned, with others which will suggest themselves, 
will amply suffice to show the affinity of both. 

GENERAL CHARACTERS OF THE IcnEous Propucts. 
—In quitting this description of the rocks formed by 
fire, we would recommend the student to adopt the fol- 
lowing as the best and clearest mode of simplifying them, 
and impressing them on the recollection. 

1. The granites and their associate rocks, have been 
formed under conditions of subterranean character, and 
have melted, cooled, and solidified under the depth and 
pressure of the earth. 

2. The trap-rocks, the porphyries, clinkstones, and 
basalts, are to be regarded as submarine, and as having 
been melted, and become cool and solid beneath the 
depth and pressure of the sea. | 

3. The volcanic rocks are sub-aerial, and have melted, 
grown cold, and solidified near the surface, and with 
access of the atmosphere. 

Finally, these productions are, in fact, so identical, 
that it is by no means unphilosophical to suppose that 
plutonic, trappean, and volcanic rocks, may all be simul- 
taneously forming at the present moment, and that the 
same volcano which ejects lava and scoriz from its sum- 
mit, may, in its internal abysses, at enormous depths 
and under vast pressure, be elaborating granite; while, 
from a neighbouring vent, beneath the adjacent seas, 
it is spreading its waves and terraces of trap over the 
floor of the ocean. 

Tuirp Crass. Tue Metamorpuic Rocks, or Pri- 
MARY STRATA.—From the examination of the plutonic 
and the volcanic rocks, we pass to the consideration of 
these deposits, which, according to the views now 
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generally entertained, were originally deposited as the 
sediments of water, but have subsequently been altered 
by subterranean heat. 

Gneiss.—Gneiss may be termed stratified, or slaty 
granite. Composed of the same elements, mica (or 
hornblende,) quartz, and feldspar, it differs from 
that rock, which presents no appearance of stratifi- 
cation, in this distinctive character, that some of its 
component minerals, usually the mica and hornblende, 
are arranged in layers, so as to give a slaty aspect to 
the mass. The stratification is irregular and contorted, 
and the dimensions of the strata are variable. When 
the gneiss is associated with granite, it approaches to 
the character of that substance; and when the two come 
in contact, it is scarcely possible to distinguish between 
them. It is connected with the other primary strata, in 
the following modes. By the disappearance of feldspar, 
it passes Into mica-schist ; by the prevalence of quartz, 
into quartz-rock ; and of hornblende, into hornblende- 
schist. As regards geological position, it reposes on 
granite, and is succeeded by the other primary strata, 
frequently alternating in large masses with one or other 
of these. In Great Britain it occurs in the Western 
Islands, and North-west Highlands of Scotland. 

Mica-Scuist.—Mica-schist may be regarded as 
gneiss, deprived of its feldspar, being a crystalline com- 
pound of mica and quartz united in different propor- 
tions. It has a laminar structure, which is more or 
less perfect, according to the proportion and mode of 
arrangement in which the mica enters into its composi- 
tion. Its colour is determined by the quantity of the 
same mineral which it contains, and as that substance 
varies in tint from white, to dark brown, or black, the 
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quartz being usually white or colourless, the prevailing 
hue of the rock is, therefore, grey. Like the rest of the 
primary deposits, it graduates into other members of the 
same series, descending by the admixture of feldspar 
luto gneiss, and ascending by the preponderance of 
quartz, into quartz-rock. In geological position it 
follows the gneiss, and is succeeded by various schistose 
or slaty rocks of crystalline texture, frequently passing 
into some of these. Its chief British localities are the 
North-west of Ireland, and the Scottish Highlands, 
especially the picturesque district termed the Trossachs. 

The subordinate rocks occurring among the primary 
strata, may be studied in detail, in some work exclu- 
sively devoted to such a subject; as, for example, Dr. 
M‘Culloch’s Western Isles of Scotland, and his Classi- 
fication of Rocks. They are chiefly of schistose or 
slaty texture, and are formed by the substitution of one 
mineral for another, which constitutes the characteristic 
ingredient of the rock. 

Thus, chlorite-schist is composed of the mineral 
substance termed chlorite and quartz, differing from 
mica-schist, by its dingy, green aspect, and soapy feel. 
It graduates by the addition of feldspar into a variety 
of gneiss, by that of mica into mica-schist, and occa- 
sionally assimilates with argillaceous slate. 

Talcose slate is composed of tale and quartz. It 
differs from mica-schist, and chlorite-schist, chiefly in 
the presence of tale, and in its colours, which are leaden, 
dingy white, or green. It occurs associated with the 
rocks described above, and passes, by various grada- 
tions, into all. 

Hornblende-schist is considered to include all horn- 
blende rocks, together with greenstone and greenstone- 
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slate, whether these rocks possess a schistose structure 
or not. 

Quartz-rock is a substance which offers so many 
variations of mineral character and aspect, that no 
single description can well define it, and the reader 
is referred to Dr. M‘Culloch’s Classification for more 
ample and complete details. 

Crystalline, or primary limestone, also presents con- 
siderable diversity of texture, ranging from the pure 
or saccharine variety, so termed from its resemblance 
to loaf-sugar, which is employed as statuary marble, 
to a coarse, impure, and cherty limestone. 

The student should procure a collection of well-defined 
specimens of these various primary and volcanic rocks. 
They may be obtained of the parties already mentioned. 

Fourtu Crass. Tue FossitirErous Dsposits.— 
Having briefly described the unstratified rocks, and 
the non-fossiliferous strata ; having alluded to the most 
striking proofs of the fused or melted character of the 
former, and the metamorphic or altered nature of the 
latter; and having given an outline of the volcanic sub- 
stances, it only remains to offer some observations illus- 
trative of the fossiliferous strata. These are divided 
into so many distinct and well-defined groups, as above 
described, that the learner will speedily be able to 
identify them, and to describe their chief and most 
characteristic features. He will be best able to effect 
this object by considering them under the different 
heads of mineral composition, order of succession, and 
embedded fossils; for though neither of these charac- 
teristics is, in all cases, to be relied on by itself, yet when 
viewed in combination, they will be found to afford 
complete evidence of the relative date and character of 
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these deposits. Of the proofs thus furnished, that 
which is derived from organic remains is considered the 
most decisive; rocks which are extremely dissimilar to 
each other in mineralogical and lithological characters, 
having been identified by evidence of this nature. Pro- 
fessor Agassiz has discovered fossils of the chalk in 
deposits of totally different mineral texture and aspect ; 
while Mr. Murchison has identified the carboniferous 
limestone in Russia, by its embedding the characteristic 
shells of that formation in rocks of the colour and 
appearance of white chalk. And, though we must 
beware of carrying the generalization too far, or of con- 
ceiving that the presence or absence of any particular 
genus or species is alone sufficient to determine the 
perfect similarity of rocks Situated in regions distant 
from each other, yet it is obvious that when large 
groups of fossils are found to be identical, they may 
be conceived to identify those rocks, however remote, 
or otherwise distinct from each other, in which they 
respectively occur. 

CuaracTeristic Fosstts.—These may be defined to 
be such organic, remains as, being discovered in any 
given deposit, are also found in every locality where 
such deposit occurs. They will be readily understood 
from the foregoing and subsequent observations. 

Mineray VeEins.—These exist throughout the pri- 
mary, lower secondary, and even in some cases in the 
tertiary deposits; but they are far more frequent in the 
first two of these classes of rocks. They present 
various peculiarities, many of which the present state 
of our knowledge scarcely enables us to explain. Near 
the surface they are usually poor in the metal they 
contain, become richer at certain depths, and poor again 
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in lower situations. They also change their metal at 
different distances from the surface, and the same vein, 
in Cornwall, has been known to contain zinc above, and 
copper in great abundance below; while there are mines 
in the south of France which contain iron above, next 
silver, and lastly, copper. They are divided into two 
kinds; those which are contemporaneous with the rock 
itself, and are conceived to have been formed by the 
separation into one point of the metallic particles of 
the surrounding mass, and are therefore termed, by 
Professor Sedgwick, veins of segregation; and those 
which comprise the regular metalliferous lodes, which 
are considered to have been cracks and fissures, caused 
during the elevation and disturbance of the rocks, which 
have been subsequently filled up by metallic substances. 
The phenomena of mineral veins still constitute problems 
of very considerable difficulty, the full solution of which 
must, in fact, be left to a more advanced period of 
our information. For the present it may content the 
beginner to be acquainted with those well-ascertained 
facts which have been established respecting them, and 
the farther consideration of the general question may 
be reserved for future inquiries. The first point to 
which we allude, is their evident connexion with igneous 
rocks and axes of disturbance, the richest mineral dis- 
tricts all over the world being situated in the proximity 
of these causes; while among others, is their evident 
connexion with electro-magnetism. While the foreign 
chemists, Becquerel and Mitscherlich, have succeeded 
in producing crystals by electricity, Mr. Crosse, of 
Somersetshire, has obtained calcareous spar from water 
which was percolating through a limestone rock, and 
was forming crystals at the place where it was thus 
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procured : the same experimenter also produced crystals 
of quartz. The mode by which these remarkable re- 
sults were effected was highly interesting and instruc- 
tive; the electric apparatus being extremely small, 
but being kept in operation for a long period; the very 
mode in which, according to the opinion of our most 
enlightened observers, the like results are effected in 
nature. It is, therefore, confidently assumed that the 
difference of substances found in certain veins, and 
their comparative richness and poorness, have all been 
the consequence of different electric states in the rocks 
in which they are deposited. Much light has thus 
already been thrown on the nature of these phenomena; 
and more information is anticipated from observations 
of like character. 

Tue Gases.—We have alluded, in a previous portion 
of this work, to the great share which the gases take in 
the formation of the crust of the earth, and the vast pre- 
ponderance of oxygen in rocks, consolidated or uncon- 
solidated, accessible to man. Not only does it combine 
with all the separate elementary substances, and in parti- 
cular with the whole of those enumerated in page 140, as 
constituting a large portion of the crust of the earth, but 
it also forms twenty per cent. of the atmosphere, and 
one-third, by measure, of water. Hydrogen contributes 
the remaining third of this latter substance. It is also 
emitted from volcanoes, and exists largely in coal. Ni- 
trogen forms four-fifths of the atmosphere, and enters 
into the composition of animals, living and fossil. It is 
also aconstituent of coal. Carbon is extensively diffused ; 
it forms the principal part of coal; it exists in the state 
of carbonic acid, in a minute degree, in the atmosphere ; 
and forms alike an important portion of all carbonates. 
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It is an essential element in vegetable structure, and 
is produced wherever vegetable or animal matters are 
undergoing decomposition. Chlorine occurs chiefly in 
the sea, in rock-salt, and springs of brine. Fluorine 
exists in most rocks, but in a minute proportion. 
Phosphorus is extensively diffused throughout’ the 
rocks, but its proportion is extremely minute. It is, 
however, abundant in osseous and other organic re- 
mains. Sulphur is found chiefly in the sulphurets and 
sulphates, which are very extensively disseminated. 

Almost the whole of the simple substances: ahove- 
mentioned have entered into their present combinations 
as binary compounds ; that is, they were united two and 
two, to form the substances in which they now occur. 
The following constitute nearly all the binary com- 
pounds of the accessible parts of the globe :—1, silica; 
2, alumina; 38, lime; 4, magnesia; 5, potassa; 6, 
soda; 7, oxide of iron; 8, oxide of manganese; 9, 
water; 10, carbonic acid. 

It is calculated that oxygen constitutes fifty per cent. 
of the ponderable matter of the globe, and that the crust 
of the earth contains forty-five per cent. of silica, and 
ten or twelve of alumina. Potassa contributes only 
seven per cent. of the unstratified rocks, but forms 
a considerable ingredient in many of the stratified 
order. Soda occupies nearly six per cent. of some 
basalts, and other lesa extensive unstratified deposits, 
and enters largely:into the composition of the ocean. 
Lime and magnesia are disseminated almost universally 
among the rocks, in the form of silicates and carbonates ; 
the carbonate of lime having been estimated to form 
one-seventh of. the crust of the globe. Iron, in some 
binary combination, such as an oxide, sulphuret, or 
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carburet, constitutes at least three per cent. of all known 
rocks; and manganese is also widely disseminated, but 
its quota is extremely minute, not approaching to one 
percent. It has often been cited as a fact, which the 
present state of our chemical knowledge does not enable 
us to explain, that silica predominates largely in the 
unstratified, and carbonate of lime in the stratified 
deposits. 

The mass of rocks is composed of not more than 
some eight or nine simple minerals. These are, 1st, 
quartz; 2nd, feldspar; 3rd, mica; 4th, hornblende; 
5th, carbonate of lime; 6th, tale, comprising chlorite 
and steatite; 7th, augite; 8th, serpentine; 9th, iron. 
Other minerals, which either form rocks of small extent, 
or enter so largely into their composition as to modify 
their character, are the following :—sulphate of lime, 
diallage, chloride of sodium (common salt), coal, 
bitumen, garnet, schorl, staurotide, epidote, olivine, 
and pyrites. A few of these minerals exist in masses 
so large, as to be denominated rocks; as quartz, car- 
bonate of lime, sulphate of lime, salt, coal, and pyrites ; 
but in general some two, three, or four are united to 
constitute a rock, as mica, quartz, and feldspar, to pro- 
duce granite. 

The following general remarks descriptive of some 
of the peculiarities of rocks, both singly and in groups, 
may be advantageously borne in recollection. 

EXTENT OF THE OLDER Formations.—The oldest 
and deepest deposits are the most extensive, both in 
area and in thickness, and diminish gradually as they 
approach to the more modern formations. It may be 
added, that in the older and more crystalline rocks we 
find convincing evidence of the universal action of 
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fire; and that as we proceed upwards, the traces of this 
agency become gradually more feeble, till in the upper 
deposits, with the exception of local sites of extinct 
volcanic action, we lose all vestiges of its influence. 

Derivep CHARACTER OF THE SEDIMENTARY ForMA- 
T10NS.—The sedimentary deposits are all of secondary 
nature, produced by the degradation and destruction of 
rocks still older than themselves: thus, among other 
instances, it may be mentioned that the sandstones of 
the coal are extremely micaceous ; occasioned, of course, 
by the mica contained in the primary strata from which 
they are formed ; the new red sandstone is considered to 
be produced from the detritus of rocks of like meta- 
morphic character, and to owe its hue either to the 
mica or hornblende which those deposits contained. 
The disintegration of rocks of the primary class is also 
conceived to have yielded many of the argillaceous de- 
posits and beds of clay appertaining to later formations, 
while the chalk, in a similar manner, has furnished the 
chief materials for the formation of the tertiary 
strata. 

Sim1rarzity or Contiguous Deposits.—It has been 
remarked as a circumstance of some interest, (since a 
corresponding analogy is found to prevail, to a consider- 
able extent, in other phenomena of nature, ) that a cha- 
racter of transition seems to prevail among many conti- 
guous rocks, and that the lower members of one forma- 
tion are observed to resemble, in a very striking man- 
ner, the upper deposits of the series below. Among other 
instances of this kind, the inferior beds of the green- 
sand frequently offer a striking resemblance to the 
superior strata of the wealden formation; while the 
lower members of the oolite, and the upper deposits of 
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the lias, are, in many cases, scarcely to be distinguished 
from each other. 

It is a circumstance also worthy of observation, that 
the lower members of any given geological formations, 
while they resemble, in lithological texture and aspect, 
the strata above, usually present in their zoological 
features, and their organic remains, a closer affinity with 
the deposits lying below them. Thus, with regard to 
the fossils of the magnesian limestone, the lowest mem- 
ber of the new red sandstone series; the fish bear, in 
the heterocercal character of the tail, a nearer resem- 
blance to the fossil remains of the coal formation be- 
neath, than to those of the new red sandstone above; 
-while those of-the upper beds of the lower division of 
the; ‘Silnzian.‘ system. present a closer relation:to the 
types‘ of existence which are found in the rocks be- 
neath, than in those occurring above them. 

ABSENCE OF Strata.— We have already observed, 
(that the succession of the beds, though never inverted, 
is occasionally imperfect ; .and that.certain members of 
the series are, not unfrequently, deficient. This. result 
may have been produced by one of two causes; ‘either 
by the strata having been removed, subsequently to 
their deposition, by denuding action, or by their never 
having been deposited in these spots. The former 
agency, that of denudation, is perfectly clear and ob- 
vious; the latter may require some explanation. The 
disturbances which the crust of the earth has undergone 
have been so varied, powerful, and extensive, that, it is 
conceived, no portion of its deposits now occupies its 
pristine position ; and in many districts it is concluded 
that the strata have undergone oscillation, similar to 
that of a board balanced on a fulcrum. In the instance, 
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therefore, of a missing series of deposits, we have only 
to imagine a movement of this nature, and to conceive 
that a portion of a given district has undergone sub- 
mergence, and become the bed of the ocean, while an 
adjacent part has been elevated so as to form dry 
land; and we shall immediately perceive that the for- 
mer has never received those marine deposits which 
have been accumulated on the latter; and shall thus be 
enabled to account for the greatest conceivable difference 
in the mineralogical and zoological characters of strata 
which lie contiguous to each other. 

Drirt.—This subject has already been alluded to 
under the head of ancient alluvium, when it was ob- 
served, that the origin and deposition of the drift con- 
stitute’ problems of very considerable difficulty, fitted 
rather for the researches of the proficient, than for the 
inquiries of the beginner. It’ may be useful here to 
state, that drift is usually classified into two kinds: that 
which has originated from local sources, and contains 
pebbles, boulders, &c., derived from the peculiar forma- 
tion in which it occurs; and that which has been trans- 
ported from older deposits, and is formed chiefly of 
fragments of primary, or, at all events, of older rocks. 
The most important accumulations of drift in this coun- 
try are divided into three: the first, the Silurian, which 
overlies the district of that name, and is of local origin, 
consisting of fragments of the rocks of that formation ; 
the second, a mass which extends southward from Lan- 
cashire, over Cheshire, Staffordshire, Worcestershire, Lei- 
cestershire, and other of the midland counties, and is 
composed of fragments of the crystalline and trappean 
rocks, which constitute the mountains of Westmoreland, 
Cumberland, and part of Scotland ; while the third com- 
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prises the various deposits of this nature which strew 
our north-eastern coasts, the shores of Yorkshire, Lin- 
colnshire and Norfolk, as well as the adjacent districts 
‘far inland, with fragments of rocks analogous to those 
now existing no nearer than Scandinavia, and furnished 
either from that region, or from land which once occu- 
pied the present bed of the German ocean. 

ArenaceEous Deposits.— Sandstone is an aggrega- 
tion of grains of sand; that is, of minute particles of 
quartz, which is silex in its purest form. Sandstone is 
usually cemented by a substance of like nature with 
itself, or, occasionally, the cement is of the nature of 
lime, clay, or iron. When sandstone is of extremely 
coarse grain, it is termed grit. 

ARGILLACEOUS Deposits, or CLayrs. — The _ sub- 
stances comprehended in the term clay, scarcely admit 
of a general description ; but most of them agree in pos- 
sessing an earthy texture, and emitting an argillaceous 
odour when breathed on. They consist of silica, with 
a variable proportion of alumine, and a small quantity 
of lime or magnesia. The term is also extended to all 
kinds of indurated mud, derived from the decomposi- 
tion and abrasion of various rocks. 

Position or ArGiLLAcEous Deposits.—It has fre- 
quently been mentioned as a fact of some interest, 
that the lower beds of many formations are of the na- 
ture of clay. This is peculiarly the case in the oolitic 
deposits, as well as in those of the lias, and others; 
and, in the opinion of the author, is probably to be 
attributed to the fact, that the alluvial cliffs, or shores, 
then in existence, being the first which yielded to the 
action of the waves, provided materials for the earliest 
strata deposited in the waters ; while rocks of firmer and 
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more resisting texture yielded more slowly to the abrad- 
ing force, and furnished, at a later period, the material 
for those arenaceous and calcareous deposits which oc- 
cupy higher positions in the series. 

Catcareous Rocks.—This term comprehends all the 
vast series of rocks of which lime forms a prevailing 
element, including all the limestones so called, and the 
marbles, which, it may be observed, are limestones suffi- 
ciently hard to receive a polish. It is perfectly easy to 
ascertain whether a rock be calcareous or not, by apply- 
ing either muriatic, nitric, or sulphuric acid, and observ- 
ing if it effervesce. The first of these substances, 
diluted with water, is the most efficacious; and for the 
purpose of using it, the student should provide himself 
with a bottle, to the cork of which a small stick is 
affixed, which is immefsed in the diluted acid, and, on 
applying this to the stone, if the latter be calcareous, 
it will immediately effervesce ; if it be siliceous, no 
effervescence will take place. The mixture of sand 
and clay is usually termed loam, and the combination 
of calcareous matter and clay is called marl; but both 
these expressions are employed in a vague and general 
sense, and are applied to substances of very dissimilar 
kinds. 

Structurg or Siaty Rocxs. — There are three 
distinct forms of structure, which are frequently all 
present in rocks of this nature: the first being stratifi- 
cation; the second, joints; and the third, slaty cleav- 
age; the last two having no connexion with true 
stratification. The first of these, stratification, will 
be sufficiently understood after our previous remarks 
on the subject ; the joints are natural fissures of various 
sizes, frum mere cracks to open chinks, which often 
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traverse the rocks in straight and well-defined lines ; 
while slaty cleavage consists of those lines or partings 
which are presented by these rocks, and which form 
the point at which the stone may be readily divided. 
Joints, Professor Sedgwick states, are distinguishable 
from slaty cleavage, by the fact, that the rock in- 
tervening between two joints has no tendency to 
cleave in a direction parallel to the planes of the 
joints; whereas, a rock is capable of indefinite sub- 
division in the direction of its slaty cleavage. As the 
origin of joints and that of slaty cleavage still con- 
stitute problems of considerable difficulty, on which 
geologists and mathematicians are by no means agreed, 
and which the present state of our knowledge can 
scarcely entitle us to decide, it may be sufficient for 
the beginner to be informed, that as these characters 
are only observable in rocks of crystalline texture, 
and are most strongly defined in such as are ascer- 
tained to have been acted on by heat, we are justified 
in inferring, that heat has been the chief cause of these 
results, under whatever conditions it may have operated ; 
and, as a general view, it may be considered that slate 
rocks have been originally deposited in horizontal, or 
nearly horizontal planes, and that the action of heat 
has been such as to obliterate these planes, and substi- 
tute minute vertical divisions in their stead. 

Breccita.—This naine is commonly applied to those 
substances which consist of sharp, angular, unworn peb- 
bles cemented into a mass. 

CoNGLOMERATE.— This term is usually bestowed on 
concretions of a similar kind, but in which the imbedded 
fragments are rounded and waterworn. 

Grovur.—This name is generally applied to a series of 
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rocks of the same mineral composition and geological 
character, while a combination of several groups is 
called a formation; but these terms, as well as those 
of system and series, are frequently employed, for the 
sake of avoiding repetition, to indicate any connected 
suite of deposits, particularly those, the component 
members of which are varied and dissimilar in texture 
and aspect. 

De.ta.—This name, which was originally bestowed 
on the deposits formed by the Nile at its mouth, which 
present the triangular form of this letter of the Greek 
alphabet, is now applied to all accumulations deposited 
at the mouths of rivers, whether of this precise shape 
or not. 

DeGrRADING AND ELEvaTING Cavuses.—We owe to 
Professor Playfair the observation, which, however, ap- 
pears from the foregoing pages to have been no new 
discovery on his part, that there are two opposite forces 
continually in operation on the crust of the globe, which 
he describes as exercising the one, a destructive, and the 
other a conservative influence ; the one consisting in the 
liability of all rocks to be disintegrated and worn, and 
carried away; and the other, in the capability of the 
materials which they have furnished to be again ela- 
borated into new strata, by cement, either of calca- 
reous, siliceous, or ferruginous nature; by the action of 
water, of fire, or of meteoric causes. These various 
agencies chiefly resolve themselves into what have been 
called, degrading and elevating powers. 

Decrapina Forces.—These are chiefly of atmo- 
spheric, fluviatile, or oceanic nature. The agency of 
the atmosphere, of its vapours, and its rain, is twofold— 
chemical and mechanical : the chemical action consisting 
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in their absorbing oxygen and carbonic acid from the 
atmosphere by rocks, and their dissolution by such ab- 
sorption. By this means, rocks of all classes are 
speedily weathered, and, to a certain extent, worn away. 
While these are the chemical results of atmospheric 
agency, its mechanical effects consist in the fissuring 
and cleaving rocks by frost, and in its abrading and 
carrying off the solid earth by the action of rills, brooks, 
and streams, which, when swollen to floods, or collected 
as rivers, exercise so powerful and destructive a force, 
that it is conceived dry land could not long exist, and 
all would be swept into one vast flood, but for the coun- 
teracting agency of antagonist power, in the tendency 
of these abraded materials to be formed into new strata, 
and to become hardened into solid deposits, either by 
the cementing influences already named; by the agency 
of heat from below ; or by the pressure of superincum- 
bent materials. 

Evevatinec Causes.—As the degrading powers are 
occasioned by water, so the elevating causes are chiefly 
owing to fire. They may be regarded under the several 
aspects of the rapid action of volcanoes and earthquakes, 
and the slower agency of gradually uplifting forces. The 
operation of volcanoes is too familiar to require any 
lengthened explanation. Geologically speaking, the 
action of a volcano is to raise earthy substances from a 
low to a higher level. It often effects the most sudden 
and important changes, and produces a hill on land, or 
an island in the sea, in a single night. It frequently 
upheaves the solid strata over a vast area; and the coast 
of Chili, along a line of a hundred miles, and extending 
from the shore to the Andes, was raised many feet 
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by the earthquakes of 1822. Similar elevations are 
traced as having occurred in various localities, during 
the early ages of the earth. 

The existence of a gradually elevating power, which 
elevates the land, slowly and almost imperceptibly, above 
the water, has been ascertained by the gradual rise of 
the shores of the Gulph of Bothnia, the northern coast 
of Sweden, of Denmark, and other parts of Scandinavia, 
as determined by Mr. Lyell; and of the south of Italy, 
as ascertained by Professor Niccolini, of Naples. 

Again, sands are deposited on sea-shores, and are 
borne inland, where they form extensive accumulations, 
and overwhelm considerable tracts of land. If these 
sands are saturated with water containing an infusion of 
lime, they become converted into sandstone. 

Among other instances in the British Isles, the 
ancient town of Bannow, in Ireland, called the Irish 
Herculaneum, has thus been buried in sand. The Ar- 
moricain, of Brest, of the 18th of February last, also 
states, “that recent gales of wind have displaced a 
mountain of sand, on the coast of Crozon, near Brest, 
and exposed to view the remains of a village, anda 
church, surrounded by a churchyard. The oldest 
inhabitant of the country,” adds the journalist, ‘* does 
not recollect having ever heard of the existence of this 
maritime Pompeii.” 

In addition to these mechanical causes, there are 
vital agencies, which are mainly instrumental in the 
production of new deposits. The coral insect is per- 
petually at work beneath the waves, constructing its 
reefs, and carrying them up to the surface, where 
they constitute new islands, and by the junction and 


230 GEOLOGICAL FORMATION. 


union of these, form fresh continents and spheres of 
habitation for future races of animated beings. 

Best Ipea or A GEOLOGICAL FormaTion.—It is, 
perhaps, scarcely possible to convey to the beginner a 
more complete and faithful idea of a geological formation, 
than to conceive that an existing sea, such for instance 
as the Pacific, were at this moment, by the elevation of 
its bed, changed to dry land, since we should thus 
witness all the varied and interesting phenomena observ- 
able in the formations of the earth, and in the mineralised 
beds ofits primeval seas. At those points where its largest 
rivers discharge their waters into the ocean, we should 
find deposits of silt and mud analogous to the finely la- 
minated clays or marls of our ancient strata. Its calca- 
reous springs would, in numerous instances, cement many 
of the deposits strewed over its floor to the consist- 
ency of stone, and would convert its fragmentary corals 
and broken shells to beds of limestone and of marble. 
At other points, we should meet with coral reefs and 
isles, corresponding with the analogous phenomena of 
the medial and lower formations of the secondary series 
of strata. Beds of gregarious mollusca would offer 
a resemblance to similar accumulations in the ancient 
deposits ; while the various tribes of sponges, zoophytes, 
shells, crustacea, and fish, would occupy their respective 
localities, the sponges and corals inhabiting beds and reefs, 
the shells frequenting the sands of the shore, the crus- 
tacea being attached to solid rocks, and the fishes strewn 
over the floor of the ocean; while the picture would be 
completed by the exhibition of volcanic agency, exerted 
both above and below the surface of the waters. In- 
deed, with the exclusion of the remains and the works 
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of man, his drowned mariners, and buried fleets, we 
should find a southern ocean of the present day, if 
changed to dry land, to present a perfect panorama 
of the most extensive and important formations of the 
ancient earth, and of the varied and instructive pheno- 
mena of primeval nature. 

INVESTIGATIONS INTO THE STRUCTURE OF THE EARTH. 
—Every section of the crust of the earth, whether na- 
tural or artificial, whether caused by the operations of 
nature, or wrought by the hand of man, affords some 
insight into its structure, the former being by far the 
more ample and instructive of the two. While the 
operations of art may to some extent afford informa- 
tion ; while a mere pit or a quarry ; a cutting for a rail- 
road or a highway; or even the digging a well ora 
foundation for a house, may yield some addition to our 
knowledge; nature herself is her best interpreter; and 
in her cliffs, whether inland or marine; in her moun- 
tain-precipices, escarpments, gorges, and ravines; in 
the banks of rivers and of streams, the sections of the 
earth’s crust thus exhibited reveal, in the most im- 
portant and instructive manner, the causes and the 
nature of its formation. 

THe STRATIFIED Rocxs.—In thus investigating the 
crust of the earth, we find that the natural division of 
the rocks is into that of the stratified and unstratified 
deposits. A stratified rock may be defined to be one 
whose upper and lower surfaces are parallel to each 
other; in other words, which exhibits that division into 
layers and partings, which is recognised in every aqueous 
deposit, every quarry of limestone, and every pit of 
chalk, as in the accompanying illustration. 


232 STRATIFIED ROCKS. 


HorizonTaL Position.—These stratified rocks were, 
doubtless, originally deposited in a horizontal, or a 
nearly horizontal position, as here depicted, 


FIG. 91. 


agreeably to the law by which fluid substances find 
their level ; and the fact, if it needed farther proof, is 
demonstrated by the circumstance, that the fossils are 
always deposited conformably to the planes of stratifi- 
cation. This circumstance is beautifully exhibited in 
the cliffs of Alum Bay, where rows of flints and silicified 
sponges, which were originally deposited in a horizontal 
direction, are now lifted quite upright, together with the 
beds of chalk which contain them. 
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DistuRBANCE OF THE StTRATA.—Subsequently to 
their deposition, however, the strata have, in many in- 
stances, undergone every variety of disturbance, and 
have been raised at various angles with the horizon. 

Vertical Strata.—Occasionally they are lifted al- 
most to a vertical position, and placed nearly upright, 
as in the following illustration, from the admirable 
work of Mr. Murchison, on the Silurian System, exhi- 
biting the strata on which Powis Castle is built. 
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InverTED Position.—In some cases, by the intru- 
sion of igneous rocks, they are actually inverted, and 
turned back, as instanced in the Malvern hills, from 
the same publication. 


FIG. 93. 


DissornTED StraTA.—The following figure, from the 
same work, presents a similar instance of change in the 
direction of the strata, produced by a like cause, and dis- 
played in the same region. Beds which at 6 strike in a 
southerly direction, on reaching the Malvern syenite at 
b* are thrown into vertical and disjointed masses. 
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Curvep Streata.—In other instances they are curved, 
as is the case with the gneiss, at Oreby, Isle of Lewis, 
a delineation of which forms the frontispiece to Dr. 
M‘Culloch’s Western Isles. 


Se 


Arcuep Strata.—They sometimes form an arch, as 
is alike observed by Mr. Murchison, in the Malvern 
hills ; and similar appearances are observable in the 
dislocations of the strata of Alum Bay, Isle of Wight. 
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ContorTED Strata.—Occasionally they are con- 
torted, as remarked by the same observer in another 
instance, on the banks of the Wye. 


\ 


Experiments oF Sir James Harri.—Such contor- 
tions were shown by Sir James Hall, by means of a_ 
simple but ingenious experiment, to have arisen from 
lateral pressure, attended with some degree of resist- 
ance, both above and beneath. He took various pieces 
of cloth—some linen, some woollen—and placing them 
horizontally on a table, c, covered them by a weight, a, 
acting horizontally on the pieces of cloth. 
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He then applied pressure at the sides, 6b, and found 
that, while the superincumbent weight a, was raised to a 
certain extent, the cloths were folded and contorted, in 
a manner perfectly analogous to the foldings and con- 
tortions of rocks observed in nature, and portrayed in 
fig. 90, p. 232. 


FIG. 99. 


Unstratiriep Rocks.—The unstratified rock differs, 
on the other hand, from the stratified, in presenting 
none of those parallel surfaces, or divisions into layers, 
which are remarked in all sedimentary deposits; that 
is, in all rocks which are formed by the action of water: 
it usually occurs as a shapeless mass of mineral matter, 
as in the figure annexed. 


FIG, 100 
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Vetns or GRANITE AND OTHER IonEous Rockxs.— 
We have previously mentioned, that rocks of this kind 
occur in the state of veins, which, especially in the in- 
stance of granite, are frequently traversed by veins still 
newer than themselves. 


FIG. 10]. 


These veins often penetrate through the overlying 
deposits, and, soaring to the top, spread over the rocks 
which they have dislocated and displaced. 


PIG. 102. 


Fatse Srravrricatton.—Occasionally rocks of this 
kind, especially granite, at its junction with slate and 
other rocks, present markings of cleavage, which have 
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some resemblance to stratification, and might be mis- 
taken for such. The student will, however, easily dis- 
tinguish between the two, not only by the mineral 
composition of the rocks, but by observing that the 
lines resembling stratification run into one another in 
various directions, or are only continued for short dis- 
tances. 


v FIG, 103. 


Corumnar ARRANGEMENT.—Several of the unstrati- 
fied’ rocks,- more especially basalt, together with por- 
phyry and greenstone, occasionally assume a columnar 
form. ‘These columns occur of three, four, five, six, 
and eight sides, but those with four and six form the 
prevailing structure. They are either continuous from 
top to bottom, as 


HORIZONTAL ARRANGEMENT. 239 


or they are jointed, and consist of a number of short 
prisms, placed one on the other. 


FIG. 105. 


VerticaL Cotumns.— When basaltic columns occur 

in tabular masses, as at the Giant’s Causeway, or Staffa, 
they are commonly vertical, as ys 8 
. . 


Horizontat ARRANGEMENT.—When they occur in 
dikes, and have been erupted through overlying masses, 
they are usually smaller, and take a horizontal position, 
owing, in all probability, to the force with which they 
have been urged upwards, and the resistance which 
they have met with from the deposits which they have 
penetrated. 
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FIG. 107. 

Occasionally the columnar and massive structure of 

basalt are exhibited in conjunction, as observed by 
Mr. Murchison, at Welchpool. 


FIG. 108. 


ARRANGEMENT OF Deposirs.—We have already 
spoken of the unstratified rocks, especially granite, 
as constituting, by the depth at which it lies, and the 
heights to which it is raised, both the foundation and 
the framework of the whole superstructure of our 
globe. The accompanying figure will exhibit the varied 
situations of the granite, both as forming the basement- 
rock on which all the others repose, and the mountain 
summits, which not only tower above the rest, but, from 
having been forced through the superincumbent rocks, 
have borne them upwards in the ascent, and have thus 
formed the physical geography of the entire district ; 
the strata in the vicinity of the mountain, a, being raised 
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at an acute angle at b, and sinking to nearly a level 
position in the plains at c. 
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FIG. 109. 

The form and succession of the rocks above de- 
scribed prevail, with some local exceptions and modi- 
fications, over the whole earth, so that its entire surface 
may, in fact, be considered to form a series of basins, 
of which the largest, deepest, and thickest lie at the 
bottom, and are filled up by others which, as before 
observed, become smaller, sballower, and thinner as 
they approach the top, the deposits being uplifted and 
raised towards the edges of these basins, and becoming 
level, or nearly so, towards the centre. 

Dip.—The inclination of strata from a horizontal 
position is called their dip, the amount of the dip being 
the quantity of the angle which the line of inclination 
makes with that of the horizon, as in the accompanying 
figure. If the angle made by the meeting of the lines 
of the strata, b 6, and the horizontal line, a, be equal to 
45 degrees towards the east, the strata are said to dip 
45 degrees in that direction. 
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Strixe.—Again, the various terms of the dip, the 
strike, &c., of strata, will be farther understood by the 
following illustration. The dip, as before observed, is 
the line which the strata makes with the horizon: the 
strike is a line at right angles to the dip. In other 
terms, if the student only place a book on the table, 
with the edges of the leaves downwards, and the back 
of the book upwards, as in the accompanying figure, 


FIG. 111. 


and if he move one side of the cover a short distance, 
the cover so moved, 4, will represent the line of dip, 
while the back of the volume, a, a, will exemplify the 
line of strike. If the cover of the book be extended 
only in a slight degree, the dip will be proportion- 
ately steep; if the cover be opened farther, so that 
the book lies nearly flat on the table, the dip will be 
proportionately less. 

Having ascertained the line of dip, we can, of course, 
determine the direction of the strike; if the dip be 
towards either the north or south, the strike will be east 
and west; if, on the other hand, the dip be east and 
west, the strike will be north and south. But the 
converse of this position by no means holds good; for 
though the line of dip gives the line of strike, the line 
of strike does not give the line of dip, since there are 
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two lines of dip common to every line of strike, and 
strata having a line of strike running from north to 
south, may dip either to the east or west. In other 
terms, as we have moved one side of the cover of our 
book to the right, we can move the other to the left, 5, 
while the back of the volume, a, a, still retains the 
same position. 


FIG. 112. 


AntictinaAL Ling.—The anticlinal line is that ele- 
vated central point from which the strata diverge in 
opposite directions, and to represent it we have only 
to extend both sides of our volume thus— 


FIG. 113. 


Syncuinat Line.—The synclinal line is simply the 
reverse of the preceding, being the point at which the 
strata converge towards each other. To depict it we 
have merely to turn our book over, and open it 
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FIG. 114. 


only half way, exactly at the middle, and the line 
between the two pages will present the synclinal line, 
or that point towards which the strata incline in the 
same direction. 

The qud-qud-versal dip, is a term employed to express 
the appearances presented when the strata having been 
elevated into a boss, or dome-shaped protuberance, the 
summit of the dome has subsequently been carried away, 
und the ground-plan exhibits the edges of the strata, 
forming a succession of circles or ellipses round a 
common centre. These circles are the line of strike, 
and the dip, being always at right angles, is inclined, 
in the course of the circuit, to every point of the com- 
pass, constituting what is termed a qud-qud-versal dip, 
that is, turning each way. 

ConrorRMABLE POSITION.—Strata are said to be con- 
formable when their general planes are parallel, what- 
ever may be their dip, as in the following figure, where 
both the upper, horizontal strata, a, and the lower, in- 
clined series, 5, are conformable to each other. 


FIG. 115. 
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UNcONFORMABLE PosiTion.— When a series of upper 
strata rest on a lower formation, without any con- 
formity to the position of the latter, they bespeak a 
more modern series, showing that the newest of the 
underlying group must have been deposited before the 
oldest of the latter. They are therefore said to occupy 
an unconformable position, as in the same figure 115, 
_where the upper, horizontal beds, a, are unconformable 
to the lower, inclined deposits, 6. 

Occasionally the upper series is also raised, proving 
that the lower strata have been twice lifted; first, 
when they were themselves borne upwards; and, 
secondly, when the upper beds underwent a like ele- 
vation. 

Various writers have cautioned the observer against 
certain deceptive appearances of the strata, in parti- 
cular lines of coast, where beds, apparently horizontal, 
dip, in reality, at a very considerable angle. The 
following figure exhibits a headland seen from the 
south, in which a set of strata appear to the eye per- 
fectly level. 
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FIG. 116. 


But if the headland trends off at the point p, to the 
northward, affording a view of the cliffs westward, such 
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view will prove that the appearance from the south is 
deceptive, for the lines on the western side show a con- 
siderable angle to the north, and by gradual increase of 
that angle become vertical at a. 


Orper AND Succession oF Rocxs.—We have be- 
fore had occasion to observe, that the fossiliferous rocks 
follow an invariable order of succession ; but that this 
arrangement, although never reversed, is occasionally 
imperfect, so that, though we never meet with b, going 
before a; orc, preceding b, yet we occasionally miss 
not only a single letter, but a succession of these, and 
find, in certain localities, that entire groups of strata are 
wanting, which occur in other places of like geological 
character and position. This effect, we mentioned, may 
have resulted either from the missing beds never having 
been deposited in this spot, or from their having been 
denuded, and carried away by the abrading power of 
water, before the newer strata were deposited. 

Similar causes may have occasioned either the partial 
deposition, or partial denudation, of a single bed, and 
produced the thinning out ofa particular stratum, as 
exhibited in the diagram annexed. 
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FIG. 118. 


Ace or Movuntatn-cHains. — The conformable or 
unconformable position of the strata affords a safe 
and satisfactory guide as to many investigations of 
interest and importance, and from data thus fur- 
nished we learn that all the mountain-chains in the 
world were not of contemporaneous origin, but have 
been raised at different epochs, which, geologically 
speaking, were of modern occurrence. Thus, if on 
the sides of one mountain we find a series of strata, 
a, raised and covered unconformably by another group, 
b, it is obvious that the central chain must have been 


thrown up after the series a, had been deposited, but 
before the formation of the beds b. 


But if on the sides of another mountain we find both 
the series a, and , tilted and covered unconformably by 
another series, c, we have proofs that this mountain- 
chain is of more modern date than that on the sides of 
which the same strata, b, are undisturbed. 
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FIG. 120. 


SearcH For Coat.—The dip of strata is frequently 
connected with questions of practical as well as theo- 
retical interest. We will suppose a case—one of very 
frequent occurrence—where a landowner, who is aware 
that coal exists on an estate adjacent to his own, is 
desirous to ascertain if it is also to be found on his own 
domain, and if the attempt to discover it might be 
instituted with any probability of success. It has been 
observed with reference to such a question, that if the 
dip of the strata in the vicinity be towards the estate 
where the trial is to be made, it is probable that the 
coal may be found under it; but if the dip is in a 
contrary direction, the search ought not to be under- 
taken, since it would not probably lead to the desired 
result. The accompanying figure will explain the 


reason. 


PIG. 121. 
The beds 1, 2, 3, and 4, are a series of coal-strata 
dipping towards d; the unconformable strata c, c, are 


beds of sandstone lying over the coal. Supposing the 
coal-vein 4 rises to the surface at that point on the 
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estate of A, adjoining the estate of B, which lies towards 
d, it 1s then apparent that A would find only a point of 
the vein on his estate, and that it would be useless to 
search in the direction of 6, for coal, since the dip of 4 
is sufficient to prove that none exists there. But on 
the estate of B, though no coal came to the surface, 
still the dip of that which exists on the estate of A 
would render it highly probable that coal would be 
found; the possibility of the coal lying too deep for 
working, &c., being considerations which would depend 
on the angle of dip, and other circumstances of local 
character. 

OvutTLiers.—Strata are said to form outliers, when 
they constitute an isolated portion detached from the 
principal mass of the same bed of which they once 
formed a part. Thus, in the accompanying figure, the 
beds a, and 6, form outliers of the main strata, c,and d; 
the missing portion having been removed by denuding 
causes ; 
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and their identity being proved by the various accord- 
ances of mineral character, order of position, and im- 
bedded fossils. 
EscarPMENT.—Strata are said to form an escarp- 
ment when they terminate abruptly, as at a, b, in the 
m3 
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above figure. Mural signifies wall-like, and a mural 
escarpment is applied to one of steeper and more per- 
pendicular character. | 

Oriain or VaLLEYs.—We cannot be surprised that 
at an earlier period of the science, when the opinions of 
Werner very generally prevailed, and when, agreeably 
to his views, water was regarded as the universal agent 
in producing the phenomena of nature, many effects were 
attributed to aqueous agency which are now ascertained 
to have been occasioned by othercauses. At this time 
it was usual to refer all valleys to aqueous action, and 
to consider them as having been produced by the rivers 
and streams which now flow through them. It soon, 
however, became evident that this cause alone was in- 
sufficient, and that in many instances they had been 
produced by other agencies; these conclusions being 
founded chiefly on the fact, that many streams, instead 
of running through soft and practicable strata, fre- 
quently avoid these, and find their way through rocks 
of harder and firmer texture. It thus became obvious, 
that the cause is to be sought rather in the rocks them- 
selves, than in the streams which fiow over them; and 
valleys are now divided into some three or four classes, 
instead of being confined to that of aqueous origin, to 
which they were originally limited. 

Vatteys oF Distocation.—These are caused by 
fissures of various dimensions, some of colossal size, 
which have been formed during the upheaval and 
separation of the strata in that region of which they 
form a part. They usually present steep and rapid 
escarpments, the strata on each side frequently bearing 
marks of having once been continuous. The mode by 
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which they have been produced will be perceived by 
the accompanying figure. 


FIG. 128. 


Vatuers or Unputation.—These are produced by 
two neighbouring elevations, which, by lifting the strata 
on each side without occasioning fracture or dislocation, 
have left a valley between, towards the middle of which 
their planes are inclined, and of which they form the 
sides. Their structure will be understood by a refer- 
ence to the following illustration. 
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FIG. 124. 


VALLEYS OF DENUDATION.—These and the succeeding 
class are the only kinds which have been occasioned by 
the action of water, and have been formed in soft and 
practicable strata, in the same manner as the ravines 
caused by storms, floods, and torrents. Valleys of this 
kind are of constant occurrence, and it is to such ero- 
sions that the changes so constantly taking place in the 
beds of rivers are to be ascribed. The term is more 
usually limited to those valleys where the strata are not 
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far removed from a horizontal position, and where their 
former continuity cannot be doubted. 

VaLieys oF ELevatTion.—These may be described 
as owing their origin to the circumstance, that certain 
beds having been originally raised in the form of a 
wave, have subsequently been exposed to the denuding 
power of water, and that a peculiar stratum harder than 
the rest having resisted this abrading force, has formed 
the kind of valley depicted in the accompanying figure, 
presenting a central axis whence the strata dip in oppo- 
site directions. 
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Oricin or Caverns.—These, in like manner, have 
been ascribed too generally to the agency of water. It 
is now ascertained that these chasms beneath the earth 
are owing to the same causes which have produced 
fissures and valleys at the surface, and that they have 
been occasioned by the fractures and dislocations con- 
sequent on the upheaval of the strata. At the same 
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time it is equally clear, that the operation of water has, in 
many cases, tended largely to modify the nature of these 
caverns, by eroding the sides and the bed, and altering 
their form and configuration. The fracture and dislocation 
of rocks at the surface have often produced the pheno- 
menon of a natural bridgé, as exemplified in the accom- 
panying figure, which depicts that of Icononzo, in 
South America, which is produced by the fissuring of 
the strata, and the fall of two masses of rock, one above 
the other, extending across the chasm. 
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Fau.tts.—The fissures and dislocations which inter- 
rupt the continuity of a bed are usually termed faults. 
The accompanying figure represents an example of this 
kind, where strata which once were continuous, either 
by the subsidence of the strata on one side of the fault, 


254 FAULTS. 


or their elevation on the other, have been dislocated 
and displaced. 


FIG. 128. 


These interruptions are a source of considerable diffi- 
culty in coal-mines, where they often suddenly interrupt 
_ the miner in his course, and deprive him of the treasure 
of coal which he has found. They are, however, con- 
sidered to offer corresponding advantages, since they 
counteract the tendency of the coal-seams to plunge to 
depths at which it would be impossible to reach them ; 
and when filled with solid materials, they form embank- 
ments and barriers so as to keep out the water, which 
would otherwise flood the mine, and prevent the possi- 
bility of working it; they also act as walls and bar- 
riers, to stop the progress of flames, so that if, as fre- 
quently occurs, a fire breaks out, it is prevented from 
spreading beyond a limited space. 
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Deceptive APPEARANCE OF FAULTS.—These disturb- 
ances, however, frequently prove a source of loss and 
disappointment to speculators and inexperienced persons, 
who, observing different appearances of coal at- the 
surface, conclude that they represent so many separate 
seams ; whereas, in reality, there is but a single seam, 
which has been dislocated and moved to different levels, 
by means of faults, as 
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FIG. 130. 


EquivaLent.— Where one bed supplies the place of 
another, which in that situation is wanting, such stra- 
tum is called the equivalent of the missing deposit. 
When a bed suddenly terminates, and its place is sup- 
plied by one of different character, the latter is also 
called the equivalent of the former. . 

There are some other varieties of texture, as well as 
different phenomena in rocks which may be here men- 
tioned. 

Piso.itEs.—The pisolitic structure in certain stones 
is occasioned by isolated globules formed by concentric 
coats. They are produced by water holding foreign sub- 
stances in solution, and possessing such a power of 
motion as to enable them continually to transport with 
them the grains of sand occurring in their course. Each 
of these grains becomes covered on all sides with suc- 
cessive pellicles of the substance deposited by the fluid, 
and it thus increases, assuming the spheroidal form, 
until becoming too heavy for transport it falls to the 
bottom of the liquid, where the whole are agglutinated 


256 INCRUSTATIONS, &c. 


together. Occasionally each pisolite incloses in its 
centre a grain of foreign substance, but this is by no 
means a necessary condition, and the original nucleus 
may be a particle of the same substance in which it is 
enclosed. The oolitic structure, particularly of the 
coarser kind, strongly resembles the pisolitic, and is 
considered to be owing to a similar cause. 

Ro.iep Pessies.— Running waters have the effect 
of rounding those materials which they wash out of 
their native beds by the attrition and abrasion occa- 
sioned by such transport. A familiar illustration is 
furnished by the beach formed at the base of chalk cliffs, 
where we shall perceive that none of these flints present 
sharp or cutting edges, but are all worn round and 
smooth by the action of the waves. 

NopuLEes.—Substances which have consolidated in 
the midst of semi-fluid matters often owe to the resist- 
ance thus opposed to them, a reniform, or kidney- 
like shape, such objects being smooth, externally, 
when the substance of which they are composed is 
little susceptible of crystallization, and furnished with 
crystals when it is. The former case is instanced by 
nodules of silex; the latter, by various substances of 
more crystalline character, among others, the masses of 
iron pyrites discovered in the same deposits. 

Gropes.—Occasionally nodules of silex, and other 
substances, are hollow in the interior, and they are then 
termed geodes. The nodules of quartz, which present 
this form, are usually lined with crystals of the same 
substance; they occur abundantly in the county of 
Devon, where they bear the name of potato-stones. 

INCRUSTATIONS AS DISTINGUISHED FROM PETRIFAC- 
TIons.— Waters which flow over limestone rocks have 
the power of dissolving a portion of the limestone, and, 
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on reaching the colder temperature of the atmosphere, 
they deposit the limestone in a solid state; a familiar 
example of this chemical operation being furnished by 
the fur, as it is termed, of the tea-kettle, which is 
formed by the water which has boiled having deposited, 
on cooling, a portion of the limestone which it previ- 
ously held in solution. Certain springs in this country, 
as well as on the Continent, are famed for this property, . 
among the former of which, those of Knaresborough and 
Matlock are the most celebrated. It is usual to expose 
objects to the action of these waters, when they become 
incrusted with a coating of carbonate of lime, and in this 
state they are frequently termed petrifactions, but im- 
properly so, since they are merely incrusted with the 
stony matter, not permeated by it. For example, if 
we place any organic substance, as a piece of wood, 
or of bone, in an incrusting spring, we find that the 
object is merely coated with the stony matter, but 
internally is wood or bone still; whereas in real 
fossils, not only the mere external covering, but the 
whole of the interior structure, is converted into stone. 
AvutTHors.—The objects comprised in the term Phy- 
sical Geology are so numerous and diversified, that we 
must again refer to the authors already named for more 
ample information. They may be severally consulted 
with advantage, for the following purposes: For the 
elements and combinations of rocks, read Dr. M‘Cul- 
loch’s Classification of Rocks, his System of Geology, 
and his Western Isles of Scotland; as also the Intro- 
duction of Mr. Bakewell, and the Guide and other 
works of Professor Phillips; for the action of water 
in currents, streams, rivers, lakes, and seas, and gener- 
ally the dynamics, or mechanical portion of the subject, 
the writings of Sir H. T. Delabeche may be usefully 


258 EXERCISES ON PHYSICAL GEOLOGY. 


studied; as may those of Dr. Hutton and Professor 
Playfair; while the admirable publications of Mr. Lyell 
will be found replete with instruction in every depart- 
ment of the science. 


EXERCISES 
ON PHYSICAL GEOLOGY. 


1. Commit to memory the fourfold division of rocks 
enumerated at the commencement of the chapter. 

2. Impress on the recollection, with peculiar care, the 
most important characters and distinctions of the primary 
rocks, for the sufficient reason, that they are less clearly 
defined and less obvious than those of the sedimentary 
deposits. 

3. Commit to memory the names of the successive 
formations, together with the distinctive features of 
each, under the heads already mentioned of mineralogical 
character, order of succession, and contained fossils. 
Ascertain, in like manner, the extent and depth of each 
respective formation, the counties in which it occurs, its 
relation, value, and importance, in an agricultural, 
economical, or commercial point of view, and commit 
to your note-hook any general information of utility and 
interest. 

4. Be careful to unite practice with theory, in the in- 
quiries above suggested, and trace every system on a 
geological map of this country. 

5. Ascertain continually the progress of geological 
inquiry, as regards the debatable points of drift, the 
glacial theory, the transport by icebergs, &c. 

6. Describe the component elements of granite, gneiss, 
and mica-schist, with their arrangement in each. 

7. What are syenite, greenstone, hornblende ? 
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8. Name the characteristic features of the trap-rocks. 

9. Describe porphyry and basalt. 

10. Mention the principal volcanic products, with their 
chemical composition. 

11. State the general characters of the igneous 
rocks. 

12. Explain the nature of elevating and degrading 
causes. 

13. Describe the composition of calcareous and arena- 
ceous deposits, and the most ready mode of distinguish- 
ing them. 

14. State the cause of drift, and the chief instances of 
its occurrence. 

15. Describe the structure and origin of slaty rocks. 

16. What is meant by the term alluvium, and what 
are its distinctions ? 

17. Explain the various terms, group, formation, 
series, system, breccia, conglomerate, dip, strike, con- 
formable and unconformable position, outlier, denuda- 
tion, anticlinal and synclinal line, escarpment, valleys of 
dislocation, undulation, denudation, and elevation, &c. 

18. Explain the difference in appearance and charac- 
ter of a stratified and unstratified rock. 

19. State, in detail, the phenomenon of nature best 
adapted to afford an idea of a geological formation. 

20. Copy or otherwise impress on the recollection, the 
diagrams comprised in the preceding chapter. 

21. Consult any works, such as those of Murchison, 
Conybeare, Phillips, Buckland, Mantell, Bakewell, &c., 
which treat of physical geology, and copy on tracing 
paper, their outlines and delineations. 


CHAPTER VII. ‘ 
FOSSIL CONCHOLOGY. 


MUSEUMS: BRITISH MUSEUM, GEOLOGICAL SOCIETY, PRIVATE 
CABINETS, &c. 


AUTHORS: LAMARCK, DESHAYES, SOWERBY, GRAY, BROWK, TURTON, &c. 


Fossiz Conchology forms a highly essential depart- 
ment of study for the geologist, since the shells natu- 
rally afford the most instructive information as to the 
ancient seas, rivers, and lakes, of which they once 
were the living inhabitants, and in the mineralised beds 
of which they now occur. The fossil shells are to be 
studied by means of the recent, and the investigation of 
these apparently subordinate, but, in reality, important 
and attractive objects will be found, like all inquiries into 
nature, to be replete with interest and instruction. 
ForMATION AND GrowTH oF SuHeEtts.—Shells are 
the hard bodies which are secreted for the purpose 
of cover and protection by the soft, inarticulate ani- 
mals which inhabit them, called the mollusca.* The 
creature, shortly after it is formed in the egg, begins 
to construct its shell, and when hatched, deposits 
on the edge of the mouth of the little shell, which 


* See a valuable paper on the Growth of Shells, by J. E. Gray, Esq., 
of the British Museum, in the Philosophical Transactions, vol. 123, 
part 2, p. 771. 
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covered its body in the egg, a small portion of mu- 
cous secretion. This mucous deposit next dries up, 
and as soon as it is dry, the animal lines it with a fresh 
layer, composed of other mucous matter, intermixed 
with other calcareous particles; and when this deposit 
in turn becomes hardened, the animal places on its edge 
another thin layer of mucous secretion, and again lines 
it with the mixture of mucous and calcareous particles 
as before. This alternate deposition of mucus, and of 
_ Inucus mixed with calcareous substance, proceeds as the 
creature enlarges, and requires more ample cover and 
protection, and in this manner literally ‘grows with 
its growth, and strengthens with its strength.” The 
shell is, in fact, moulded on the body of the animal 
as the body itself increases in size, forming a cover, a 
dwelling, a coat of mail, a shed, a boat, a ship, ora 
palace of pearl, adapted to the exigencies, and fitted to 
the shape of the wearer. The inequalities or irregu- 
larities of the body itself, are also reproduced on the 
shell, and the elevations, depressions, striz, tubercles, 
and spines, which distinguish individual subjects, may 
be attributed to corresponding projections, or tentacula, 
or other irregularities in the fleshy form of the con- 
structing agent. Thus, as an eloquent writer* has re- 
marked, we find that different species of shell-fish are 
inclosed in various kinds of testaceous coverings. Those 
which defend the active family of donax enable them 
to dart away, with the swiftness of an arrow, from the 
approach of danger; while the shells of their less active 
relatives, the perambulating solens, or razor-sheaths, 
are admirably adapted to assist their movements through 
the yielding sand. The chitons walk abroad in coats 


* The author of the Conchologist’s Companion. 
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of mail, closely fitted to their shapes, and surrounded 
with narrow belts or margins covered with scales. The 
shields of the pholades bristle with points, resembling a 
file, by means of which they are defended from external 
injury, when occupied in slowly excavating the most 
solid rocks; and the hospitable mansion of the peace- 
ful pinna is large enough for the reception, together 
with himself, of his friend and guest, the hermit-crab. 
The conically shaped shells of the patella, or limpet, 
remind the observer of dwellers in solitary tents; the 
helices, or snails, slowly perambulate the garden-walks, 
in coverings which remind us of those of a broad- 
wheeled wagon; the cardia, or cockles, are provided 
with thick coverings which enable them to endure the 
rough beating of a boisterous sea; while the shells of 
such species as are fragile, transparent, and scarcely 
able to resist the slightest pressure, are found in still 
ponds, and muddy ditches. Some of the bivalves, as 
the mytilus, or pearl-mussel, are enclosed in diving-bells, 
of an oblong or compressed form, with which they 
emerge from the recesses of the ocean, or plunge into 
its depths. The cypre@ are conceived to quit their 
vestments when continual accumulations have made 
them burdensome to the wearer; while their brethren 
of the coluta and buccinum tribes not only carry about 
their houses with them, but are furnished with materials 
for repairing any accidental dilapidations in their mov- 
ing walls. The pectens, called, from their beautiful 
variety of colours, the butterflies of the ocean, expand 
their valves to catch the breeze, and skim along the 
surface of the deep. Some again, as the arca, are 
shaped like boats, and safely and skilfully navigate the 
waters; while others may be compared to vessels of a 
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larger size, and are provided, as in the instance of the 
nautilus, with pumps, cordages, paddles, and other 
_ Tequisites for navigation. It may be added as a fact 
not generally known, that so beautiful are the markings 
of many species of the cypree, or porcellana, or cowrie, 
that they are conceived to have furnished the idea of the 
colours depicted on china, and hence this article of 
manufacture is termed by every nation in Europe ex- 
cept ourselves, porcelain, from the name bestowed by 
the Romans on this sliell. 

The student is referred to cases 83 and 4, of the fifth 
room of the North Zoological Gallery in the British 
Museum, in which are provisionally placed a suite of 
shells, intended to exhibit the more prominent points 
in the economy of the mollusca. Among the interest- 
ing and instructive facts thus displayed, are—the mode 
of growth; the changes which take place in the shell 
during the increase and expansion of its inhabitant; 
the manner in which these creatures repair any accident 
to their shells, or remove, by absorption, any portion 
which has become unnecessary or Inconvenient: these 
cabinets farther present illustrations of the graduation 
of the straight, or nearly straight tubular shells, into 
those of spiral character, as well as specimens of mon- 
strosities and deformed shells; with examples of the 
mode in which the animals cover, with a shelly coat, 
any extraneous body attached to the shell; and they 
likewise contain an instructive series of moulds and 
casts.° 

Mopg or Stupy.—A complete acquaintance with 
objects so numerous and diversified as the shells, is 
obviously only to be acquired by an extensive course 


* Sce Synopsis, edit. 1843, p. 34. 
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of study; and a perfect knowledge of conchology re- 
quires the labour of a life. But as the fossil shells, 
with the exception, it may be said, of those of the 
tertiary deposits, are by no means so numerous or so 
varied in character as the recent, a moderate degree of 
attention bestowed on these last will enable the student, 
in a short time, to learn the generic and specific charac- 
ters of the recent, and to distinguish the genera, and, 
by degrees, the species, and even varieties of fossil shells. 

In the study of conchology, as in that of mineralogy, 
it will be expedient that the beginner should commence 
by procuring a suite of specimens, and the collection 
may, at least at the commencement, be limited to the 
genera, without entering on the distinctions of species. 
Such collections may be procured of Mr. Sowerby, or 
Mr. Stutchbury; and these gentlemen, as in the as- 
sociate study of the minerals, are competent to furnish 
the most complete and valuable information on the 
science. The following works will be found useful :— 

Sowerby’s Recent and Fossi] Genera. 
Mineral Conchology. 
—— Manual of Conchology. 
Woodward’s Synopsis of British Fossils. 
Gould’s Epitome of Lamarck; an American 
Work. 
Dubois’s Epitome of Lamarck. 
Morris’s Tabular View of British Fossils. 

In studying the shells, the pupil should proceed in 
the same manner as was recommended in the use of the 
minerals; should confine his attention to a limited por- 
tion ; and direct his attention to one genus, if extensive, 
or at most one family at atime. With the view of be- 
coming best acquainted with these, we should advise, 
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in addition to other modes, that he should procure 
a blank book, together with two copies of the Sy- 
nopsis of the British Museum; then let him cut out 
the description of each separate family, entering below 
his own observations on the various genera and species 
of each. 

CLASSIFICATION OF THE SHetits.—The animals 
which inhabit the shells are divided into five distinct 
classes, viz.; first, the-gasteropoda, or belly-footed, 
so named because they walk, or rather glide on a foot, 
or disk, placed beneath the stomach; they have a 
distinct head, and a univalve spiral shell. Secondly, 
the conchifera, or shell-bearers, which have the mouth 
placed at the bottom of the bag-like mantle, and are 
covered with a bivalve shell. The three other classes 
are distinguished by being destitute of any foot, as they 
either are attached to other bodies, float about in the 
sea, or walk on the tentacles, or feelers, which surround 
their head. They consist, first, of the brachiopoda, or 
arm-footed, so called because they have a pair of spiral 
arms on the sides of the mouth; they have also an 
attached bivalve shell: next the pteropoda, or wing- 
footed, from their having a pair of wing-like fins on the 
sides of the head: these have a very light univalve 
shell: and, lastly, the cephalopoda, or head-footed, so 
called because they walk with their head downwards, 
on the large feelers which surround their mouth ; these 
last are also univalves. 

The shells are farther classified eoniane’ as shells) 
into the three divisions suggested by their form, viz., 
first, the multivalves, which are composed of more pieces 
than two ; secondly, the bivalves, of two; and, thirdly, 
the univalves, of one. Of these the multivalves are few 
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in number, and are easily distinguished. The bivalves 
are the most numerous of the three, and are charac- 
terized by the shape of the shell, the hinge, the liga- 
ment, and, in particular, the teeth, which are certain 
prominences on each valve, usually with receptacles on 
the opposite side to admit them, so as to interlock and 
secure the union of the valves. The teeth vary in 
form, size, number, arrangement, position, and other 
characters, and are straight, cone-shaped, compressed, 
or bent, large or small, numerous or few, placed on 
the hinge, or at the sides; and according to these and 
other characteristics, the various genera are determined. 

The univalves are commonly discriminated by the 
shape and-appearance of the shell itself, the form of the 
spire, the whorls, the aperture, the lips, the columella, 
or pillar, &c. 

The univalves and bivalves are farther distinguished, 
as follows :—The animals inhabiting the former are the 
mollusca, strictly so termed, as the snail, &c.; while 
those which occupy the latter are termed conchifera, 
or shell-bearers, as the scallop, the cockle, &c. The 
former are of a higher degree of organization than the 
latter, as they possess a head and eyes, while the latter 
are destitute of both, and hence are also named acephala, 
having no head. 

It may here be expedient to remind the student, that 
the only natural distinction is that of species, that of 
genus being merely a conventional arrangement, formed 
by man for the convenience of study, and that this 
maxim is no where more strongly exemplified than in 
the instance of the shells, among which we find various 
genera to graduate and pass almost imperceptibly into 
each other; as, for example, among many others, the 


DESCRIPTION OF FOSSIL SHELLS. 267 


cyclas, which merges into cyrena, and the unio, which 
glides in like manner into anodon. 

Casts oy SHELLs.—In examining the fossil shells, 
the student will frequently have to decide by the general 
appearance of the shell alone, the hinge, or teeth being 
obscured or hidden by the stone, or other indurated 
substance with which the shell is filled. Indeed, with 
the exception of those of the tertiary deposits, though 
these are often similarly circumstanced, this is the 
usual condition of fossil testacea, while their characters 
are frequently rendered still more indistinct from the 
shell itself being decomposed and removed, leaving only 
its cast behind impressed on the substance which has 
occupied it. It is satisfactory to announce that, with 
a view to facilitate the study of these casts of nature, 
Professor Agassiz has ingeniously constructed a series 
of models, by pouring liquid plaster of Paris into recent 
shells, allowing it to dry and harden, and then break- 
ing the shell to extract the contents. A suite of these 
objects has been purchased by the Trustees of the 
British Museum, and placed in the gallery adjoining 
the geological department mentioned above. They are 
calculated to be eminently useful and instructive, not 
only as showing the markings of the mantle, displaying 
' the general character of the shells, and proving how 
completely and exactly they are moulded on the animal, 
but as illustrating the character and appearance of 
natural casts, and the moulds formed by perished shells 
on the substance which has filled them. 

Description oF Fossir Suetts —It may here be 
suggested that the most eligible course for the young 
geologist to adopt, when a collection of fossils or shells, 
from British localities, is placed before him for arrange- 
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ment and description, is as follows. First, ascertain, 
if possible, the spot whence they were procured, then, 
either from memory, or by referring to the map, it will 
speedily be perceived to what peculiar geological for- 
mation the spot in question appertains. An inspection 
of the form, outline, and general characters of the 
shells, as we are now about to detail them, will gene- 
rally furnish information as to the genus ; a reference to 
the index of Woodward’s Synopsis will guide to the page 
where its species are enumerated; such enumeration 
will usually comprise a mention of the plate in Sowerby’s 
Mineral Conchology, or some similar work, where it is 
figured and described ; and from the figure and accom- 
panying description, any shell of previous occurrence 
may easily be identified. 

We have already mentioned that vestiges of fossil 
shells occur either as the shell itself, the cast which 
it has impressed upon the substance that it has in- 
closed, or the mere impression which it has left on 
the object with which it has been in contact. It may 
be added, that perfect shells abound usually in the 
tertiary or upper secondary rocks, while the older and 
more deeply seated strata, owing to the pressure which 
they have undergone, present chiefly but casts and 
impressions. 

CuHances IN NomENCLATURE.—It may be neces- 
sary to apprize the student that Mr. Murchison, in 
his splendid work on the Silurian System, has adopted 
certain generic names, originally proposed by the 
Swedish naturalist Dalman, which have been adopted 
by most continental geologists, but previously to Mr. 
Murchison’s publication were unknown to us. They 
are subdivisions of the extensive family terebratula, 
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and Mr. J. de Carle Sowerby gives the following reasons 
for their adoption :— 

“‘The generic names leptena, atrypa, and orthis 
have been adopted from Dalman’s Memoir in the 
Stockholm Transactions, in deference to the opinions of 
that author. The first derived from Aeros, slender, 
stands in the place of producta or productus, a name to 
which grammarians have objected. 

‘*The second genus, atrypa, from a privative, and 
Tpura, meaning without a hole or foramen, is divided 
from spirifer, and includes those species which have a 
short hinge-line, without a large area, and are either 
destitute of a foramen, or possess only a small triangu- 
lar one. They are rounded shells, and are not furrowed 
like the typical species of spirifer ; the internal spiral 
arms are preserved in some species. Atrypa affinis, and 
similar striated shells, would form another natural group, 
in which the internal structure, as well as the general 
form, is different ; for the spiral appendages, if ever they 
possessed any, do not appear to remain, and there are 
two short crenated teeth in the hinge; the species of 
this division have usually been described as terebratule 
by British authors ; but they have acute, not perforated 
beaks. 

‘‘ The genus orthis, (from op6os, straight, ) is another 
division of spirifer, no species of which has heretofore 
been described in England ; it is distinguished from spi- 
rifer by the long narrow hinge, and circular flat form of 
the striated shells. 

*“‘ Our genus pentamerus, is called delthyris by the 
Swedes, but we see no reason for altering the name.” 

The author would suggest his conviction, that several 
of the names now bestowed on fossil shells require a like 
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alteration and revision. The shells termed amphidesma 
seem scarcely such as can with propriety be referred to 
the recent genus of that name; and it may be doubted 
with reference to the genus plagiostuma, whether such 
shells as p. giganteum of the lias, and p. spinosum of the 
chalk, can be attributed to the same genus. 

It is to be expected that as more attention is paid 
to the general characters of shells, and in particular to 
the nature of their animal inhabitants, various changes 
will be introduced. Thus Professor Forbes, the able 
and zealous curator of the Geological Society, has de- 
termined that the orthoreca, which has hitherto been 
ranked among the cephalopodous order, belongs in 
reality to the gasteropodous division. In confirma- 
tion of this view we may state, that whereas it had 
always been found extremely difficult, in fact impossi- 
ble, to trace the siphuncular tube, it appears that the 
shell never possessed this structure at all. The shell 
is now named criseis. 

Attention was drawn some time since to some new 
forms of ammonites discovered in the Kimmeridge clay 
of the oolite, which will be figured and described in the 
future chapter which we shall devote to that system of 
deposits, the chief feature of which consisted in a long, 
spatulate projection issuing from the mouth of the 
shell, uuknown in any other species. This process is 
now considered to be no more than a mere specific 
distinction, and to have been of no vital importance as 
regards the economy or habits of the animal inhabitant. 

PLATE OF THE SHELLS.—We have now to call atten- 
tion to the following series of figures, depicting the 
various parts, both of multivalve, bivalve, and univalve 
shells. 
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We subjoin an explanation of the accompanying 
plate in a tabular form, with a description of the sepa- 
rate parts of the shells there depicted, commencing with 
the univalves. 


a. Spire r. Area, or anterior slope 
b. Body-whorl s. Areola, or posterior slope 
c. Beak t. Beaks 

d. Base ws. Hinge 

e. Canal ve. Ligament 

jf. Aperture w. Disk 


g. Labrum, or outer lip x. Umbo, or nates 
h. Labium, or columellar lip y. Base 


i. Whorls z. Length 

k. Suture @ Breadth 

l, Apex, or vertex b’ Auricles 

m. Back c Left valve 

n. Varices @ Right valve 

o. Columella e Valves 

p. Septa, or dissepiments * Lunule, oranal depression 
q- Ummbilicus g Corselet, or escutcheon. 


The spire, fig. 1, a, consists of all the whorls of the 
shell, except the last, which is called the body of the 
shell. The spire forms a very important feature in the 
univalves, and on its being raised, flattened, concealed, 
or reversed, depend many of the generic and specific 
distinctions of the shells. 

The body-whorl, fig. 1, 6, is, as before stated, the 
lowest ; the aperture is situated in it, and it is in general 
larger than the remaining whorls. 

The beak, or rostrum, fig. 1,c,is that lengthened 
process in which the canal is situate; it commences a 
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little higher up, on the outside, than the insertion of the 
canal on the inside, which is always distinctly marked 
by the line of the aperture. 

The base, figs. 1 and 3, d, is the opposite extremity of 
the apex, or tip of the spire. In shells with a beak, it is 
the extreme point of such beak; in those without a 
beak, it is understood to be the lowest part opposite 
the apex. 

The canal, or gutter, figs. 1 and 4, e, is the elongation 
of the aperture, in both lips of those shells which have a 
beak, in which it forms a concave channel, or gutter, 
running from its commencement in the aperture, to its 
termination at the extremity or base. 

The aperture, or mouth, figs. 1 and 4, f, is the opening of 
the lower whorl, at which the animal protrudes itself, con- 
stituting one of the most important generic distinctions 
of univalve shells, and differing extremely as to shape, 
being circular, crescent-shaped, angular, linear, &c. &c., 
Some apertures have a canal at their base, while others 
have none. In some genera it extends the whole length 
of the shell, as in the cyprea@, and some of the cones 
with depressed spires. 

The labrum, or outer lip, figs. 1 and 4,9, is the expan- 
sion, or continuation of the body of the shell, on the left 
margin of the aperture, and is lined with the same pearly 
process as the aperture itself. 

The labium, or inner, or columellar, or pillar-lip, 
figs. 1 and 4, h, is a continuation of the glossy process of 
the aperture, expanded on the columella. 

The whorls, fig. 1, 4, are the wreaths or volutions of 
the shell, tapering gradually upwards, from the lower 
and largest, to the uppermost and smallest, at the point 
of the spire. 

xn 3 
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The suture of the whorls, fig. 1, &, is a fine spiral line, 
which separates the wreaths, or whorls, from each other. 
It is occasionally crenulated, undulated, sulcated, and 
sometimes raised or projecting. 

The apex, or vertex, fig. 3, /, is the highest point of 
the spire. 

The back, fig. 3, m, is the side directly opposite to 
that in which the aperture is placed. 

The varices, fig. 3, , are ribs which cross the whorls 
of shells, in some species of buccinum, murex, and 
triton. They are formed by the periodical growth of 
the shells, these being the margin of the outer lip, to 
which the animal has attached its successive enlarge- 
ments. 

The columella, or pillar, fig. 4, 0, is that process 
which runs through the centre of the shell in the inside, 
usually from the base to the apex, appearing to be the 
support of the spire, and, in fact, to form that part of 
the shell. It constitutes an important feature in uni- 
valve shells, and on the mode in which it is striated, 
grooved, folded, or otherwise marked, depend the ge- 
neric and specific distinctions of many shells. It also 
forms the axis of revolution around which the whorls 
are turned. In consequence of the heart and great 
blood-vessels being usually placed on the left of the 
shell, the turns are commonly made from right to left; 
on the contrary, where the heart and blood-vessels are 
placed on the right side, the whorls are reversed, and 
proceed from left to right. In the first, or normal 
instance, the shell is termed dextral; in the latter, or 
irregular case, it is called sinistral, reversed, heterocri- 
tal, or heterostrophe. 

The septa, or dissepiments, or chambers, fg. 5, Dy 
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are the cavities, divided by partitions, as in the nau- 
tilus, &c. 

The umbilicus, fig. 6, q, is in general a circular per- 
foration in the base of the lower whorl, or body of 
many univalve shells, Such is the case in the genus 
trochus, in some species of which it penetrates from the 
base to the apex, being widest at the base, and gradu- 
ally tapering towards the top. Those shells which 
have no umbilicus are termed imperforate. 

We will now direct our attention to the bivalves, 
and we find that fig. 2 represents a bivalve shell placed 
in its right position. The right position is that in 
which the lunule, or smaller depression, is uppermost. 
Great care must be taken to ascertain this proper posi- 
tion, as considerable confusion has taken place in works 
on conchology, in consequence of this point not having 
been correctly determined. 

The area, or full space, or anterior slope, fig. 7, r, is 
that part of the shell in which the ligament is placed. 

The areola, or lesser area, or posterior slope, fig. 7, s, 
is the space opposite to that in which the ligament is 
placed. 

The beaks, figs. 7 and 8, #, are the extreme points of 
the summits of bivalves, which very commonly turn 
downwards, as in venus, or spirally downwards, as in 
isocardia. Owing to this circumstance, they very sel- 
dom form the highest point of the shell. - 

The hinge, fig. 8, wu, is the point at which bivalve 
shells are united, either by the teeth of one valve in- 
serting themselves between those of the opposite valve, 
or by the teeth of one fitting into the cavities or sockets 
of the other. 

It is on the peculiar construction of the hinge, in 
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conjunction with the general contour of the shell, that 
the generic character of bivalves is principally founded. 

The ligament, fig. 9, v, is that flexible, cartilaginous 
substance by which the valves are united, and the 
hinges kept in their place. It is always situated under 
the beaks of the shell. 

The disk, fig. 7, w, is the convex centre of a valve, 
or the most prominent part of the valve. 

The umbo, or nates, fig. 7, x, is the part situated im- 
mediately under the beak. 

The base, fig. 7, y, is the part immediately opposite 
the beak. 

The length, fig. 9, s, is measured from the beak to 
the base. 

The breadth, fig. 9, a’, is calculated from the extreme 
edge of the anterior and posterior slopes, being in a 
contrary direction to the length. 

The auricles, or ears, fig. 9, ’, b’, are the processes 
on each side the beak in the genus pecten ; some species 
have one ear very large, and the other extremely small, 
while some are scarcely discernible on one side. 

The left valve, fig. 2, c’, is that which, when the shell 
is placed, as in the plate, with the lunule uppermost, is 
on the left hand of the spectator. 

The right valve, fig. 2, d, is the reverse of the above, 
and is on the spectator’s right. 

The valves of a multivalve shell are depicted in 
fig. 10, e’. 

The lunule, fig. 2, f°, is the anal, or smaller depres- 
sion, posterior to the beaks. 

The corselet, or escutcheon, fig. 2, g’, is the larger 
depression anterior to the beaks. 

EXPLANATION OF Terms.—There are a few other 
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terms which may require explanation; thus the mus- 
cular impression is the mark made by the adhesion 
of the animal to the shell. It is single or double, ac- 
cordingly as the animal possesses one or two muscles ; 
and varies in shape, being circular, ovale, lunate, elon- 
gated, &c. &c. As a specific distinction, it is of great 
use, being, with very few exceptions, alike in the same 
species. The animals, as they respectively possess one 
or two muscles, are termed unimusculosa and bimuscu- 
losa. As the unimusculosa are all fresh-water shells, 
and the bimusculosa all marine, this fact alone is suffi- 
cient to determine the character of the shells, and con- 
sequently, when they occur in a fossil strata, the origin, 
whether fresh-water or marine, of the strata in which 
they are found. 

The margin is the circumference of the shell, or the 
extreme edge all round; it is occasionally crenulated, 
or notched, as in most species of the cardium, or cockle, 
and some of donaz. 

Stri@ are fine thread-like lines, generally on the 
exterior surface of shells, and are sometimes both longi- 
tudinal and transverse. 

If both valves are of the same size, the shell is said 
to be equivalve. 

If one valve is larger than the other, it is said to be 
inequivalve. 

If both sides are equal, it is termed equilateral ; if one 
is larger than the other, it is called inequilateral ; while 
the prefix sub, means nearly, thus, subequivalve, sig- 
nifies nearly equivalve, &c. 

Tur Trzetu.—The teeth constitute a highly im- 
portant characteristic, since they serve chiefly to deter- 
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mine the specific distinctions. They are cardinal, that 
is, placed in the centre; or lateral, that is, diverging 
from the umbo; they also vary extensively in shape 
and direction, being incurved, or bent round, recurved, 
or turned back, large or small, numerous, few, rounded, 
flattened, &c. &c. 

Tue Mantie.—The mantle is a sac full of pores and 
glands, which envelopes the mollusca; it is moistened 
with a slimy exudation: occasionally it quite encloses 
the animal, leaving but one opening like a purse ; some- 
times it has expansions at the sides like fins, and, in 
some instances, it spreads over the shell. 

Opercutum.—This is a lid, by means of which many 
of the molluscous animals close the aperture of their 
shells. In some cases it is testaceous ; in others horny, 
or cartilaginous. It is affixed to the animal, and in 
multivalves consists of four pieces. It is calculated for 
the protection of the creature when it retires within its 
dwelling, of which it may be termed the door, and is 
adapted to the shape of the aperture, which it covers 
completely. The common periwinkle affords a familiar 
example. 

EripErRMis.— This is the thick outer skin, or cuticle, 
with which the exterior surface of many of the univalve 
and bivalve shells are covered. It is membranaceous, 
and resembles the periosteum, or skin which covers the 
bones of animals. It seems to be formed entirely by 
the animal, and is constantly found in some species, and 
never in others; those with a ragged surface almost 
always possess it. In some it is laminated, velvety, 
fibrous, or rough; in others, it is thin and pellucid, 
allowing the colours of the shell to show through it. 
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It often falls off of its own accord, and without any 
injury to the surface of the shell. The beauty of many 
shells is hidden by this outer coat. 

With a view to exemplify some of the characteristics 
which we have detailed, we will here quote the de- 
scription of one of the most familiar genera, both of 
univalve and bivalve shells. 

Turso.—Shell conoid, (that is, shaped like a cone, ) 
or subturreted, (rather like a turret or a tower,) outline 
never compressed ; aperture entire, (without a canal 
or gutter;) rounded, not modified by the penultimate 
whorl, (the whorl before the last,) margins separate 
above. Columella arcuated, (pillar curved like a bow,) 
flattened, not truncated (not cut off square at the 
base.) Operculum, (having a lid at the aperture. ) 

The above is a description of that genus of which the 
periwinkle is a species. We now proceed to describe 
a bivalve. 

Carpium.—Shell equivalve, (the valves of the same 
size,) subcordiform, (shaped somewhat like a heart ;) 
beaks protuberant; valves dentated (toothed) or plaited 
on the internal edge. Hinge, with four teeth on each 
valve; the two cardinal or central teeth approximate, 
(near to each other, ) and oblique, (not straight,) the two 
lateral or outer teeth articulating (interlocking) with 
their opponents; two lateral (side) teeth, remote and 
entering into cavities which admit them on the opposite 
side. 

Such is a description of the genus cardium, or cockle. 

We append the names of some of the most familiar 
genera of shells, with translations. 
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Acasta, one of the Ocea- Balanus, Lat. an acorn. 


nides. Belemnites, Gr. a dart. 
Acera, Gr. without a horn. Birostrites, Lat. double- 
Achatina. beaked. 
Alasmidonta, Gr. without Buccinum, Zat. a trumpet. 
a lateral tooth. Bulimus, Jat. insatiable 
Ammonites, Ammon, a thirst. 
name of Jupiter. Bulla, Lat. a bubble. 
Ammonoceratites, Gr. the Bullza, Lat. like bulla. 
horn of Ammon. Calceola, Lat. a little shoe. 
Amphidesma, Gr. ligament Calyptrea, Gr. a cap for 
external and internal, the head. 
Amphitrite, one of the Cancellaria, Lat. cancelli, 
Nereids. like pales of a fence. 
Ampullaria, Lat. ampulla,a Capsa, Lat. a coffer, or 
wide-mouthed bottle. box 
Anastoma, Gr. mouth look- Cardita, allied to cardium. 
ing upwards. Cardium, Lat. a heart. 
Anatifera, Gr. producing Carinaria, Lat. carina, the 
ducks. keel of a vessel. 


Anatina, anas, Gr. a duck. Carocolla, Gr. caracalla, a 
Ancillaria, from Lat. an- kind of hood. 


cilla, a damsel. Cassidaria, allied to cassis. 
Ancylus, Lat. ancile, a sa- Cassis, Lat. a helmet. 

cred shield. Castalia, name of a daughter 
Anodonta, Gr. having no of Achelous. 

teeth. Cerithium, cerites, a wax- 
Anomia, Gr. without law, coloured gem. 

anomalous. Chama, Gr. pronounced 


Arca, Lat. a chest, or ark. kama, to gape. 
Arenicola, Lat. inhabiting Chiton, Gr. pronounced 


the sand. kiton, a coat of mail. 
Argonauta, Gr. sailors in Chitonellus, Jat. little 
the ship Argo. chiton. 
Aspergilluin, Lat. a water- Clausilia, Lat. claudo, to 
ing pot. shut. 


Auricula, Zat. a little ear. Clavigella, Lat. clava, aclub 

Avicula, Lat. a little bird. Cleodora, name ofa nymph. 

Baculites, Lat. baculum, a Clio, name of a nymph, and 
ataff. a muse. 
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Clymene, one of _ the Delphinula, Lat. delphinus, 


Nereids a dolphin. 
Columbella, Lat. columba, Dentalium, Lat. dens, a 
a little dove. tooth. 
Concholepas, Lat. conch Diceras, Gr. with two horns. 
like a lepas. Discina. 
Conolites, Lat. from conus, Discorbites, from Lat. dis- 
a cone. cus, a disk, and orbis, an 
Conus, Lat. a cone. orb. 
Corbis, Lat. a basket. Dolabella, Lat. a little axe, 
Corbula, Zat. a little bas- or hatchet. 
ket. Dolium, Lat. a tun. 
Coronula, Lat. corona, a Donax, Lat, a wedge. 
crown. Eburna, Lat. ebur, ivory. 
Crania, Lat. a scull. Emarginula, Lat. emargina- 
Crassatella, Lat. crassus, tus, a notched margin. 
somewhat thick. Erycina, a surname of 
Crenatula, Lat. a little Venus. 
notch. Etheria, one of the sea- 
Crepidula, Lat. crepida, a nymphs. 
little shoe. Fasciolaria, fasciola, Lat. a 
Creusia. little band. 
Cyclas, Gr. orbicular. Fissurella, Lat. a little 
Cristellaria, from crista, Lat. _ fissure. 
crest, or tuft. Fistulana, fistula, Lat. a 
Cucullza, Lat. cucullus, a pipe. 
hood. Fusus, Lat. a spindle. 
Cyclostoma, Gr. circular Galathea, name of a sea- 
mouth. nymph. 
Cymbulia, Lat. cymbula, a Galeolaria, Lat. galea, a 
little boat. helmet. 
Cypreea, Lat. Cypris, aGastrochena, Gr. body 
name of Venus. gaping. 
Cypricardia, allied to cy- Glycimeris, Gr. name of & 
prina and cardium. shell. 
Cyprina, from Cyprus, con- Gryphea, Gr. with a 
secrated to Venus. hooked nose. 
Cyrene, daughter to the Haliotis, Gr. the sea-ear. 
river Peneus. Harpa, Lat. a harp. 


Cytherea, a name of Venus. Helicina, Lat. like helix. 
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Helix, Lat. a spiral line. Melania, Gr. black. 
Hiatella, Lat. hiatus, the Melanopsis, Gr. like me- 
little gaper. lania. 
Hippopus, Gr. horse’s foot. Meleagrina, Gr. a guinea- 
Hippurites, from hippu- fowl. 
ris, Lat, the herb mare’s Melonites, from Lat. melo, 


tail. a melon. 
Hyalza, Gr. a glass. Miliolites, from Lat. mi- 
Hynia, a honey-comb. lium, millet. 
Iridina, Lat. tris, a rain- Mitra, Lat. a mitre. 

bow. Modiola, Lat. a little mea- 
Isocardia, Gr. symmetri- sure, or bucket. 

cal heart. Monoceros, Gr. one-horned. 


Janthina, ianthum, a violet. Monodonta, Gr. one tooth. 
Laplysia, Gr. a sponge Murex, Lat. a shell pro- 


that cannot be cleaned. ducing purple. 
Lenticulites, Lat. lenticula, Mya, Gr. a mussel. 

a little lentil. Mytilus, Lat, for a kind of 
Lima, Lat. a file. mussel. 
Limax, a snail, or slug. Natica, adapted for sailing. 


Limacina, from Lat. limax. Nautilus, Lat. nauta, a 
Lingula, Jat a little sailor. 
tongue. Navicella, Lat. navicula, a 
Lituolites, from Lat. lituus, little boat. 
crooked trumpet. Nerita, Gr. hollow. 
Loligo, Lat. for a cuttle Neritina, Lat. like nerita. 
fish. Nodosaria, from nodus, Lat. 
Loligopsis, Gr. like loligo. a knot. 
Lucina, name of a goddess. Nucula, Lat. a small nut. 
Lutraria, Lat. lutra, an Nummulites, Lat. nummu- 
otter, from frequenting /us, a small coin. 


mud. Octopus, Gr. a foot. 
Lymmnea. Oliva, Lat. an olive. 
Mactra, Lat. a kneading- Onchidium. 

trough. Orbicula, Lat. a little ball. 
Magilus. Orbiculina, Lat. orbiculus, 
Malleus, Lat. a hammer. a little orb. 


Marginella, Lat. margo, a Orbulites, Lat, orbis, an orb. 
margin, alluding to the Orthocera, Gr. straight 
outer lip. horn. 
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Ostrea, Jat. an oyster. Placuna, Gr. a boad table. 
Otion, Gr. a little ear. Plagiostoma, Gr. an ob- 
Ovula, from Lat. ovum, an _lique mouth, (the g. pro- 
egy, nounced hard. 
Paludina, Lat. palus, a Planaxis, Lat. flattened 
marsh. axis ? 
Pandora, alluding to Pan- Planorbis, Lat. flat orb. 
dora’s box. Pleurobranchus, Gr. bran- 
Panopea, Gr. all aper-  chiz at the side. 
ture. Pleurotoma, Gr. having 
Parmacella, Lat. parma, a _ the edge cleft. 
little shield. Plicatula, Lat. plica, a little 
Parmophorus, Gr. shield- fold, or wrinkle. 
bearing. Pneumodermon, Gr. skin 
Patella, Zat. a bason, the like lungs. 
knee-pan. Podopsis, Gr. like a foot. 
Pecten, Lat. a comb. Pollicipes, Lat. pollex, the 
Pectinaria, from pecten, a thumb, and pes, the foot, 
comb. great toe. 


Pectunculus, a shell-fish. Polygyra, Gr.many whorls. 
Pedum, Lat. a shepherd’s Polystomella, Gr. many- 


crook. mouthed. 
Perna, Gr. a gammon of Psammobia, living in sand. 
bacon, a pig's foot. Pterocera, Gr. horned wing. 
Petricola, Lat. inhabiting Pterotrachea, Gr. winged 
rocks. trachea. 
Phasianella, Zat. a little Pupa, Lat. a puppet. 
pheasant. Purpura, Lat. a shell pro- 
Pholas, Gr. a burrow, to ducing purple. 
pierce. Pyramidella, a pyramid. 
Phyllidia. Pyrgoma, Gr. a tower. 
Phylliroe. Pyrula, Lat. a little pear. 
Physa. Radiolites, Lat. radius, a 


Pileopsis, Gr.like a bonnet. ray. 
Pinna, Lat. a plume, or Ranella, Lat. a little frog. 


feather. Renulites, Lat. fron ren, a 
Pirena, Gr. the point of a kidney. 
sword. Ricinula, Lat. like the cas- 


Placentula, Lat. a little tor-oil seed. 
cake. Rostellaria, Lat.alittle beak. 
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Rotalites, Lat. rota,a wheel. Symphinota, Gr. united at 
Rotella, avery smallwheel. the back. 
Sabellaria, Lat. sabellum, Tellenides, Gr. like tellina. 


coarse sand. Tellina, Gr. the name of a 
Sanguinolaria, Lat. san- swift fish. 
guis, blood. Terebellum, Lat. a little 


Saxicava, Lat. saxum, a auger. 
rock, and cavo, to hol- Terebella, Lat. a_ little 
low. auger. 
Scalaria, a flight of stairs, Terebratula, Lat. terebra- 
Sepia, from Lat. sepio, to tus, pierced. 


cover or conceal. Teredina, resembling tere- 
Septaria, Lat. septum, adi- do. 
vision. Teredo, Gr. a worm that 
Serpula, Lat. a serpent. bores wood. 
Siderolites, Lat. from sidus, Testacella, Lat. a_ little 
a star. shell. 
Sigaretus. Tornatella, Lat. torno, to 
Siliquaria, Lat. siliqua, a turn ina lathe. 
bean-pod. Tridacna, Gr. three bites. 


Solarium, Lat. a sun-dial. Trigonia, Gr. three corners. 
Solen, Gr. a pipe or tube, Triton, Gr.a sea deity. 
Solenomya, allied to solen Trochus, Zat. a child’s top. 


and mya. Tubicinella, Lat. a little 
Spherulites, Lat. spherula, trumpet. 

a little globe. Turbinella, Zat. like a 
Spirolinites, from Lat. spi- wreath. 

rula. Turbo, Lat. a wreath. 
Spirorbis, a spiral orb. Turrilites, Lat. turris, a 
Spirula, a little spire. tower. 
Spondylus, Gr. head of a Turritella, a little tower. 

prickly artichoke. Umbrella, Lat. a little 
Stomatella, Gr. a little shade. 

mouth, Ungulina, Lat. ungula, a 


Stomatia, Gr. like a mouth. hoof. 

Strombus, Lat. a sort of Urtio, Lat. a pearl. 
shell-fish. Valvata, Lat. valva, a fold- 

Struthiolaria, Gr.an ostrich. ing door, 

Succinea, Lat. amber-co- Vermetus, Lat. vermis, a 
loured. worm. 
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Venericardia, allied to ve- Voluta, Lat. a volute, or 


nus and cardium. scroll. 
Vermilia, Lat. vermis, a Vorticialis, Lat. vortex, a 
worm. whirlpool. 


Vitrina, Lat. vitrum, glass. Vulsella, Lat. tweezers. 
Volvaria, Lat. volvo, to roll. 


EXERCISES 


ON CONCHOLOGY. 


1. Describe the structure and formation of shells, 
their growth, and the principle on which the form of the 
shell is regulated. 

2. Mention the forms and habits of the various ge- 
nera detailed in p. 262. 

3. Name the classification of shells. 

4. Explain the terms gasteropoda, conchifero, bra- 
chiopoda, petropoda, cephalopoda; and mollusca, and 
acephala. 

5. Describe a univalve, bivalve, and multivalve shell. 

6. Copy and commit to memory the names of the 
various parts of a univalve shell, describe each part, and 
the functions it is destined to fulfil. 

7. Copy a list of the genera of univalve shells. 

8. Describe in like manner the bivalves, their various 
parts, with the derivation of their names, and the offices 
for which they are designed. 

9. Transcribe a list of the genera of bivalves. 

10. Describe the multivalves in a similar manner. 

11. Copy on tracing paper the outline of the plate 
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271, with the view to impress still more strongly on the 
memory the various parts of shells and the purposes 
for which they are respectively intended. 

12. State the characters by which the genera of uni- 
valve and bivalve shells are determined. 

13. Explain the distinction of genus and species. 

14. Describe a familiar genus of a univalve shell, as 
helix, a snail; or buccinum, a whelk; and of a bivalve, 
as mytilus, a mussel ; or pecten, a scallop ; and compare 
your own descriptions with those of authors. 

15. Consult with care the list of the names of the 
shells, and impress on the memory the derivation of 
each. | 

16. Explain the terms comprised in the explanation 
of the plate, from the spire (a) to the corselet (9’). 

17. What is meant by the term muscular impression ? 

18. Explain the terms strie, equivalve, inequivalve, 
subequivalve, equilateral, inequilateral, subequilateral, 
&c. 

19. State the distinctive characters of the teeth. 

20. What is the mantle, the operculum, the epidermis ? 

21. What is the most eligible mode of determining and 
describing fossil shells ? 

22. Copy and commit to memory the alterations in 
nomenclature, proposed by Mr. Sowerby, as regards the 
genera leptena, atrypa, and orthis. 

23. Select farther exercises from the foregoing chap- 
ter, and transpose its statements into questions to be 
answered forthwith, as for example, taking the parts of 
an univalve shell. What is the spire, the body-whorl, 
the beak, &c.? and the same with the bivalves. What 
are the valves, the beaks, the hinge, the base, &c.? 
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How is the length of the bivalve measured? How the 
breadth, &c. &c. 

24. Be careful, ag in every other instance, to unite 
practice with theory, and to study the various cha- 
racters with a specimen in hand, for reference and 
exemplification. 


CHAPTER VIII. 
FOSSIL BOTANY. 


AUTHORS :—LINDLEY, HUTTON, ARTIS, WITHAM, BUCKLAND, STERNBERG, 
PRESL, GOPPERT, COTTA, SCHLOTHEIM, BRONGNIART. 


MUSEUMS:—BRITISH MUSEUM, GEOLOGICAL SOCIETY, NEWCASTLE, DUD- 
LEY, MANCHESTER, LEEDS, SCARBOROUGH, WHITBY, GLASGOW COL- 
LecTions, &c. 


Tue science of Fossil Botany, like all the studies of 
nature, is of modern origit. M. Adolphe Brongniart 
observes, that scarcely any mention of fossil vegeta- 
bles occurs in ancient writers, and that the few obser- 
vations of Theophrastus and Pliny are too vague and 
obscure to be of any utility or value. The silence of 
Greek and Roman authors ought not, he adds, to 
surprise us; coal, which constitutes the great deposi- 
tory of fossil plants, being wanting, or undiscovered in 
the regions chiefly inhabited by these nations ; while in 
Germany, France, and England, where coal is chiefly 
found, the Romans were intent on establishing or main- 
taining their domination, rather than on studying the 
natural resources of those districts ; the extensive woods 
which then covered so large a portion of the surface, 
affording a sufficient supply of fuel, without compelling a 
recourse to those mineral stores, afforded by the en- 
tombed forests of the primeval earth. 

Coal, however, is actually mentioned by several of 
the ancient writers—by Theophrastus, Sicculus Flaccus, 
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and St. Augustine. Itis also conceived to have been 
known to the Roman occupants of our island, cinders 
and pieces of coal having been found in Roman roads 
and walls, and Roman coins discovered in beds of cin- 
ders. Itis farther supposed to have been known to the 
British aborigines, hammer-heads, wedges, and axes of 
flint, evidently British, having been found in beds of 
coal; while the very name of the substance is known 
to be not Saxon, but British. Indeed, we cannot but 
conclude, that a people who are known to have wrought 
veins of tin, lead, and copper, could not have continued 
ignorant of a substance, which often lies so much 
nearer the surface, and fragments of which are con- 
stantly washed out of its native beds, and borne into 
the plains by rivulets and streams. There is historical 
evidence of its having been known and employed in the 
ninth century, during the occupation of the Saxons; 
it is also mentioned shortly after the Norman Conquest. 
/Eneas Sylvius, who visited this island about the middle 
of the fifteenth century, and afterwards became Pope 
Pius II., m a well-known passage, mentions, with evi- 
dent surprise, that he saw in Scotland poor people in 
rags begging at the churches, and receiving for alms 
pieces of stone, with which they went away contented. 
‘* This species of stone,” he observes, ‘* whether with 
sulphur, or whatever inflammable substance it may be 
impregnated, they burn in place of wood, of which their 
country is destitute.” 

The study of fossil botany is considered as having 
commenced with the general working of coal, and though 
the same erroneous ideas were at first attributed to vege- 
table, as prevailed with reference to animal fossils; yet 
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the clearness and distinctness of their forms soon 
showed that they were actual plants ; while the evidence 
of drift which they exhibited, occasioned them to be 
ascribed to the action of the deluge. It was not, how- 
ever, till about the commencement of the past century 
that the researches and the publications of La Hire, and 
in particular of Scheuchzer, on the continent; and of 
Lloyd and Lister, in our own country, drew the atten- 
tion of the scientific world to this remarkable depart- 
ment of natural science. At a later date, the writings 
of Leibnitz, Wolkmann, Mylius, Maraldi, and Jussieu, 
not only proved the general distribution of these fossils 
over a great part of Europe, but the Memoir of Jussieu, 
published in the Transactions of the Academy of Sci- 
ences, in 1708, is eulogized by M. Brongniart, as a work 
truly remarkable for its epoch; since it possesses the 
distinguished merit of establishing the dissimilarity 
which exists between the plants of the coal, and the 
existing vegetation of those portions of Europe in which 
they are now found, and their analogy with species 
peculiar to warmer regions at the present day. 

As, at an earlier period, obseryers had been sceptical 
as to the vegetable origin of these fossils, later inquirers, 
as Scheuchzer, Mylius, Wolckmann, and others, flew 
to the opposite extreme, and not content with acknow- 
ledging them as vegetables, recognised in their im- 
perfect and dubious impressions the characters of exist- 
ing plants, and pointed out ears of corn and maize, 
flowers of the tulip and the aster, and the fruit of the 
pine-apple ! 

Errors, however, correct themselves, and the true 
characters and relations of plants were studied and 
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determined by the assiduous labours of several ardent 
and gifted inquirers, from Schlotheim, and Faujas de 
St. Fond, on the continent; Parkinson and Artis, in 
this country; and Steinhauer, in America, up to the 
distinguished continental botanists, Sternberg, Pres}, 
Cotta, Noeggerath, Agardh, Nillson, Nau, Martius and 
Brongniart; and their worthy fellow-labourers in this 
country, Buckland, Witham, Bowman, and Lindley 
and Hutton, at the present day. 

The most useful works on the subject are the Pro- 
drome and the Histoire des Végétaux Fossiles, both by 
Adolphe Brongniart; the Versuch einer Geognosttsch- 
Botanischen Darstellung der Flora der Vorwelt, usually 
termed for brevity, Flora der Vorwelt, or Flora of the 
Ancient Earth, by Count Gaspar Sternberg, continued 
after the blindness and decease of this venerable and 
ardent cultivator of science, by Presl. As the foreign 
publications here enumerated are large and expensive, 
and as they chiefly relate to forms of plants derived 
from foreign localities, and not occurring so frequently 
in this country, the reader is recommended to com- 
mence with the excellent and more portable English 
work, entitled the Fossil Flora, by Dr. Lindley and 
Mr. Hutton. 

CLASSIFICATION OF VEGETABLES.—IThe student of 
fossil botany will find it expedient to follow the me- 
thod prescribed in other sciences of like nature, and 
to study the present vegetation of our earth, as the 
best means of learning that of the past. The follow- 
ing sketch will afford an outline of the classification 
of the vegetable kingdom, and for more ample details 
we would refer to the admirable Introductions to 
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Botany, by Sir William Hooker, Sir J. E. Smith, Dr. 
Lindley, &c. 

The arrangement of Jussieu, and, after him, of De 
Candolle, in his Théorie Elémentaire, which is usually 
termed the Natural System, is that generally adopted 
by botanists. According to this system, plants are 
classified into two great divisions. The first, and most 
simple, consists of those which are composed entirely 
of cellular substance, are wholly destitute of vessels, 
and the embryo, or germ of which has no cotyledons, 
or seed-leaves, whence they are termed cellular, or 
acotyledonous plants; they are also named cryptogamic, 
from xpumres, and yapuos, concealed marriage, because 
they have no parts of fructification, or rather, since 
none have ever yet been discovered. The other divi- 
sion comprises such as are more complicated in struc- 
ture, being furnished with a cellular substance and 
tubular vessels, and the embryo having one or more 
cotyledons, or seed-leaves, whence they are called vas- 
cular or cotyledonous plants, and are again subdivided 
into the dicutyledonous, or exogenous, and the monocoty- 
ledonous, or endogenous classes. 

ExocEnovs or DicotyLeponovus StrRucTURE.—T hese 
two subdivisions are well exemplified by the oak and 
the cane, specimens of which may easily be procured 
for comparison. A transverse section of the former 
exhibits a central, cellular substance or pith; an ex- 
ternal cellular and fibrous ring, or bark; an interme- 
diate woody mass, and certain fine lines, radiating like 
the spokes of a wheel, from the pith to the bark through 
the wood, and called medullary rays. 
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This is the structure of an exogenous plant, so called 
from «fw, without, and yevvaw, to increase, because its 
mode of growth is by fresh layers from without, from 
the circumference to the centre; it is also termed dico- 
tyledonous, because its germ has two cotyledons, or seed- 
leaves. 


PIG. 183.—Germ of dicotyledonous plant. 


Plants of this kind compose the greater part of our 
European trees, and their leaves have nerves much 
branched and running into each other. 

EnpocEnous orn MonocoryLeponous Structurg.— 
In the cane, on the contrary, neither bark nor pith, 
nor wood, nor medullary rays, are distinguishable ; but 
the transverse section exhibits a large number of holes, 
irregularly arranged, and caused by the section of 
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vessel-like tissue, and the mase of woody or cellular 
substance in which they lie embedded. 


FIG. 134.—Traseverse section of monocotyledonous wood. 


A longitudinal section exhibits similar differences, as 
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Plants of this latter class are called endogenous, from 
erdov, within, and yevvaw, to increase, because their 
yrowth takes place from within, from the centre to the 
circumference; they are also styled monocotyledonous, 
because the germ has but one cotyledon, or seed-leaf. 


FIG. 137.—Germ of monocotyledonous plant. 
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Trees of this class prevail most abundantly in tropi- 
cal climates, and their leaves exhibit nerves which run 
parallel to each other. So constant are the characters 
of the two kinds of venation in the leaves, that the 
experienced botanist, on inspecting the mere fragment 
of a leaf, is able to distinguish the dicotyledonous nature 
of a plant from the fibrous interlacing of its vessels, as 
seen in the apple, | 


FIG, 138. 


or the monocotyledonous character in the smooth and 
parallel veins of the gloriosa superba. 


PIG. 189. 


Conirgrous Pirants.—In some families of the dico- 
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tyledonous class, the cells, or tubes, are marked with 
spots or glands. 


FIG. 140. 

This is peculiarly the case with the conifer@, which 
form a large and very important tribe among living 
plants. They are characterized not only by peculia- 
rities in their fructification, having, together with the 
cycadee, their seeds originally naked, and not inclosed 
in an ovary, for which reason they have been arranged 
as a distinct order; but they are still farther distin- 
guished by the peculiarity in their woody structure 
above-mentioned, whereby the smallest fragment can 
readily be identified. A transverse section of any coni- 
ferous wood, in addition to the radiating and concentric 
lines, exhibits a system of reticulations by which cons- 
fere are distinguishable from other plants. The cross- 
lines a, a, indicate the annual circles of growth. 


PIG. 141. 


~ 
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Among other characteristics of trees of this family, 
’ they all secrete resin, have branched trunks, and linear, 
entire, rigid leaves, and they occur both in the hottest 
and coldest regions. It should be observed that the va- 
ried structures of wood described as above, are best and 
most clearly seen by the aid of the microscope. 

InvEsTIGATION oF Fossit Pxiants. — The object 
chiefly desired by the student of fossil botany, is to 
acquire such a degree of knowledge as will enable him 
to determine a fossil plant with facility and correctness, 
and to refer it to the genus and species to which, if 
already known, it legitimately belongs. The remarks 
of Dr. Lindley and M. Brongniart on these points, are 
so able and instructive, that we shall beg to transfer to 
our pages the substance of their observations. 

It is observed, that while, in recent plants, the bota- 
nist has the opportunity of examining the organs both 
of fructification and vegetation taken together; and, 
from their structure is enabled to judge of the class, 
order, or genus to which the specimen belongs; in a 
fossil plant, the only parts capable of being examined 
are the internal structure of the stem, and its external 
surface, together with the position, division, outline, 
and veinings of the leaves; while it has never yet oc- 
curred that any one specimen has afforded the whole, 
and, in general, it is only two or three of these charac- 
ters which the botanist can employ. 

Thus if the subject of inquiry be a fragment of the 
fossil trunk of some unknown tree, if no trace can 
be ascertained of its exact anatomical structure, it may 
be possible, at least, to ascertain whether its wood was 
deposited in concentric zones, or in a confused manner ; 
in the former case it would have been dicotyledonous, 
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or exogenous; in the latter, monocotyledonous, or 
endogenous; if a transverse section should show the 
remains of sinuous unconnected layers, resembling arcs, 
or parts of a circle, with their ends outwards, of a solid 
homogeneous character, and embedded among some 
softer substance, then it may be considered certain that 
such a stem belonged to some tree-fern. If the tissue 
is altogether cellular, and it can be satisfactorily as- 
certained that no vascular tissue is combined with it, 
the specimen, in all probability, has belonged to that 
division of the vegetable kingdom, which, being propa- 
gated without the agency of sexes, is termed cryptoga- 
mig ; care being observed to examine it rigorously, lest 
it prove a succulent portion of some dicotyledonous tree, 
in which the vascular system is so scattered among 
cellular substance as to be scarcely discernible. If the 
tissue consists of tubes placed parallel with each other, 
without any trace of rays passing from the centre to 
the circumference, it is endogenous, even if there be an 
appearance’of concentric circles in the wood; but if any 
trace whatever can be discovered of tissue crossing the 
longitudinal tubes at right angles, from the centre to 
the circumference, such a specimen is exogenous, whee 
ther concentric circles can be made out or not; for 
such an arrangement of tissue would indicate the pre- 
sence of medullary rays, which are the most certain sign 
of a dicotyledonous plant. If, in a specimen having 
these medullary rays, the longitudinal tubes are all of 
the same size, a circumstance obvious upon the inspec- 
tion of a transverse section, the plant is either coniferous 
or cycadeous ; but if among the smaller tubes, which, 
in fact, are woody fibres, some larger ones are inter- 
spersed in a definite manner, in that case it belongs to 
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some other tribe of dicotyledons. It is indispensable 
that the arrangement of the larger tubes should be de/i- 
nite, for appearances of the same kind exist in most 
coniferous wood ; but in the latter they are scattered in 
an indefinite manner, among the smaller tubes, and are 
not vessels, but cylindrical cavities for the collection of 
the resinous secretions peculiar to the fir-tribe. And 
if the walls of the longitudinal tubes of any fossil speci- 
men are found to exhibit appearances of little warts, 
or excrescences growing from their sides, such a speci- 
men is to be referred to some coniferous, or cycadeous 
plant, as no other tribes of vegetation present such a 
structure. Ifa trace of pith can be discovered, that 
circumstance alone will prove the plant to be dicotyle- 
donous, because all other classes are destitute of that 
central, cellular column, it being remembered, at the 
same time, that as the roots of dicotyledonous plants 
are destitute of pith, the absence of pith does not prove 
the plant not to have been of that order, as the part 
examined may have been a portion of the root. 

If a stem is in such a state that nothing can be 
determined respecting its anatomy, it will be necessary 
to judge of it by another set of characters. In the first 
place, it should be inquired whether it had a distinctly 
separable bark; in the second, if it had a cortical in- 
tegument that differed, in its organization, from the 
wood, without being separable from it; or, thirdly, if 
it possessed neither the one nor the other. In the first 
place it would have been dicotyledonous; in the second, 
monocotyledonous; in the third, acotyledonous, or 
cryptogamic, supposing it had been a trunk which 
many successive years had contributed to form. The. 
distinction, as applied to the two latter classes, is not, 
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however, so positive as could be wished, because tree- 
ferns have a cortical integument; but they are easily 
known by the long ragged scars left by their leaves ; 
and no other cryptogamic plants possess the character 
of having a spurious bark. 

A third, and very important kind of evidence, is to 
be collected from the scars left upon stems by the fall 
ofthe leaves. Although these will neither inform us of 
the shape, nor other characters of the leaves themselves, 
yet they indicate with precision their position, the 
form of their base, and sometimes also their probable 
direction: we can tell whether they were opposite or 
verticillate, alternate or spirally disposed, deciduous 
or persistent, imbricated or remote, all characters of 
great use as means of discrimination, and as frequently 
affording important negative evidence on doubtful 
points. 

Care must be taken, as Adolphe Brongniart cau- 
tions, not to mistake, for different species, those stems 
which still retain their cortical integument, as distin- 
guished from such as have lost it. In the two cases 
the appearance of the scars will be different; those of 
the former being more rounded, broader, and more 
deeply furrowed than the latter; for the one is a real 
scar, showing the outline of the base of the leaf, while 
the latter is solely caused by the passage of vessels out 
of the stem into the petiole or footstalk of the leaves. 

In leaves we can rarely recognise, in a fossil state, 
more than their mode of venation, division, arrange- 
ment, and outline, to which are sometimes added their 
texture and surface. All these are of importance, but 
in unequal degrees. The distribution of the veins, 
taken together with the mode of division of a leaf, 
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affords evidence of the highest value. If the veins are 
all parallel, unbranched, or only connected by little 
transverse bars, and the leaves undivided, the plant was 
probably monocotyledonous ; and if the veins of such a 
leaf, instead of running side by side, from the base to 
the apex, diverge from the mid-ribs, and lose them- 
selves in the margin, forming a close series of double 
curves, the plant was certainly analogous to what are 
now called scitamineea, or marantacee@, or musacee ; 
but supposing that the parallel arrangement of simple 
veins is combined with a pinnated foliage, then the 
plant would probably have belonged to cycadee, that 
curious tribe which stands on the very limits of mono- 
cotyledonous and dicotyledonous, and of flowering, and 
flowerless plants. 

If the veins are all of equal thickness, and dichoto- 
mous, we have an indication of the fern tribe, which is 
seldom deceptive. Nevertheless, it must be remembered 
that the flabelliform leaves, both of monocotyledons 
and dicotyledons, have occasionally this kind of vena- 
tion. Even if the veins are not dichotomous, if they 
are all of nearly equal thickness, and very fine, or 
divided in a very simple manner, it is probable that they 
indicate the fern tribe, whether simple, as in the fossil 
genus teniopteris, or reticulated, as in the modern genus 
meniscium. If the veins are of obviously unequal thick- 
ness, and so branched as to resemble the meshes of a 
net, we have a sign of dicotyledonous structure that 
seldom misleads us. Finally, if no veins at all are to 
be found, an opinion must be formed, not from their 
absence, but from other circumstances. If the leaves 
are small, their absence may be due to incomplete 
developement, but if they are Jarge and irregularly 
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divided, we may have an indication of some kind of 
marine plant. When the leaves are small and densely 
imbricated, they are generally considered by botanists 
to belong to either lycopodiacee or conifere; but 
there is so little to distinguish these families in a 
fossil state, that there is scarcely any means of demon- 
strating to which of these such genera as lycopodites, 
lycopodendron, juniperites, taxites, &c., and the like, 
actually belong. 

ARBANGEMENT OF Fossit PLants.—M. Adolphe 
Brongniart has divided the vegetation of the ancient 
earth into four distinct periods. His first commences 
with the earliest traces of vegetable life, and termi- 
nates with the carboniferous epoch; the second con- 
cludes with the saliferous, or new red sandstone system ; 
the third comprises the oolite and chalk ; and the fourth 
the tertiary period. He has published, in his Prodrome 
dune Histoire des Végétaux Fossiles, the following 
comparative table of the extinct and living classes of 
plants. 


First Second Third Fourth Living. 
Period. Period. Period. Period. 


Agamie . . 2. 26 e sw 4 5 18 13 7000 
Cryptogamiz cellulose 2 1500 

vasculose . . 222 8 31 6 1700 
Phanerogamiz gymnospermia , 5 35 20 150 
Monocotyledonim . . . « 16 5 8 25 8000 
Dicotyledonie . . « « « 100 32000 
Indeterminate . . . . .« 22 


This table has now been published some years, 
during which several new species have been discovered ; 
but the general proportions are conceived to be still 
unchanged. | 

Remarks or CounTSTERNBERG.— These four periods 
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Count Sternberg reduces to three, by uniting the second 
and third of Brongniart into one. These three periods 
have been termed, the first, that of islands, the second 
of coasts, and the third of continents. This distin- 
guished German savant offers the following among 
other remarks, illustrative of these various epochs. 

The flora of the first era, he observes, terminating 
with the coal, was simple, but magnificent, and ex- 
tremely elegant in its forms, consisting of plants which 
either have no existing analogues at the present moment, 
or such as are now limited to the torrid zone. The 
accompanying illustration depicts the character of these 
plants. 


a Arborescent fern. e Lepidodendron. 
6 Pecopteris. Jf Calamites. 
c Asterophyllites. g Araucaria. 
d Neuropteris. A Casuerina. 


FIG. 142. 
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That of the second, (comprising the second and third of 
Brongniart,) presents few analogies of genus, and pro- 
bably none of species, with those of the period pre- 
ceding; and thus the first flora which, he adds, was 
universally diffused over the whole earth, was strongly 
distinguished, (scharf abgeschnitten) from the second. 
The annexed engraving pourtrays the flora of the sa- 
liferous, oolitic, and wealden systems. 


Vegetation of the oolitie period. 


a Arborescent fern, peculiar species. ec Pandanus. 
6 Cycas and zamia. d Palmi. 
FIG. 143. 


The second was not separated in so marked a manner 
from the succeeding, but passed imperceptibly into the 
third, (the fourth of Brongniart,) which comprises the 
tertiary formations, and is only to be distinguished, 
in a botanical point of view, he observes, by the change 
in the relative numbers of acotyledonous and monoco- 
tyledonous, as compared with dicotyledonous plants, 
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as well as by the more European character of its entire 
vegetation. 

Or Dr. Linpitey.—The observations of Dr. Lindley, 
on the successive periods, adopted by Brongniart, are 
in substance as follows :— 

In the first, comprising the coal formation, he re- 
marks that the flora of that era consisted of ferns in 
vast abundance; of large coniferous trees; of species 
resembling lycopodiacee, but of most gigantic dimen- 
sions ; of vast quantities of a tribe apparently analogous 
to cactea, or euphorbiacea, but perhaps not identical 
with them; of palms and other monocotyledons; and, 
finally, of numerous plants, the exact nature of which is 
extremely doubtful. Of the entire number of species 
detected in this formation, two-thirds are ferns. 

In the new red sandstone formation, the characters 
of vegetation are altered by the disappearance of the 
cactee, or euphorbiacea, by a diminution of the pro- 
portion of ferns, and by the appearance of a few new 
tribes; but, he remarks, so little is known of the flora 
of this period, that it is scarcely worth noticing as a 
distinct epoch, but might more appropriately be classed 
(as Count Sternberg has, in fact, arranged it,) with the 
period succeeding. 

In the lias and oolite formations, an entirely new 
race of plants covered the earth. The proportional 
number of ferns is here diminished: the gigantic lyco- 
podium-like, and cactoid plants of the coal measures, 
the calamites and palms all disappear; but species, 
undoubtedly, belonging to cycadew, and analogous to 
plants now natives of the Cape of Good Hope and 
New Holland, appear to have been common. Coni- 
ferous plants were still prevalent, but they were of 
species which did not exist at an earlier period. 
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Up to this time, the features of vegetation were 
extra-European, and chiefly tropical, but immediately 
succeeding the chalk, a change analogous to that ob- 
servable in the animal kingdom took place. The early 
deposits of this period are characterised by a total 
absence of cycadee@ ; the number of ferns is strikingly 
diminished, and corifer@ increase in quantity; while 
mixed with palms and other tropical monocotyledons, 
there grew elms, willows, poplars, chesnuts, and syca- 
mores, together with numerous other dicotyledonous 
plants, which increased in number and variety, till the 
flora of the most recent of the tertiary deposits has 
nothing to distinguish it from that of the present day. 

CELEBRATED Experiment or Dar. Linptey.—The 
great preponderance of ferns, and of the higher order 
of cryptogamic plants, in the flora of the ancient 
earth, having excited, in a peculiar degree, the attention 
of naturalists, and it being conceived that the total 
absence of certain kinds of plants, and the constant 
presence of others, with other points of like nature and 
interest, might be accounted for by a difference in the 
capability of one plant beyond another of resisting the 
action of water, Dr. Lindley resolved on trying the 
result of an actual experiment. He, therefore, on the 
2ist of March, 1833, filled a large iron tank with 
water, and immersed in it 177 specimens of various 
plants, belonging to the more remarkable natural orders, 
taking care, in particular, to include representatives 
of all those which are either constantly present in the 
coal-measures, or as universally absent. The vessel 
was placed in the open air, left uncovered, and was un- 
touched, with the exception of filling up the water as it 
evaporated, till the 22nd April, 1835, that is, for rather 


EXPERIMENT OF DR. LINDLEY. 307 


more than two years. At the end of that time what 
remained was examined, when the following highly 
important results were obtained. 

In the first place, it was found that the dicotyledo- 
nous plants, in general, had wholly disappeared, whence 
it was inferred, that they were unable to remain for two 
years in water without being totally decomposed ; the 
principal part of those which did possess that power 
appeared to be conifer@ and cycadeew, which are pre- 
cisely those which we find best preserved in a fossil 
state. Secondly, it seemed that monocotyledons sur- 
vived to a considerable extent, whence it was concluded 
that they are more capable of resisting the action of 
water, in particular, palms and scitamineous plants, 
which are what we principally find as fossils; but that 
grasses and sedges perished ; whence it was inferred that 
we have no right to assume that the earth was not 
originally clothed with grasses, because we no longer 
find their remains; thirdly, that fungi and mosses, and 
_ all the lowest forms of vegetation disappeared, and that 
even equisetum left no traces behind ; and, finally, that 
ferns appeared to have a great power of resisting water 
if gathered in a green state, not one of them having 
disappeared during the experiment; but that the effect 
of immersion in water was to cause their fructification 
to rot away; a result which we constantly meet with in 
the fossil specimens. 

Hence, Dr. Lindley assumes, as a general result, that 
the numerical proportion of different families of plants, 
found in a fossil state, throws no light whatever upon 
the ancient climate of the earth; but depends entirely 
upon the power which particular families may possess, 
by virtue of the organization of their cuticle, of resisting 
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the action of the water in which they floated, previously 
to their being finally fixed in the rocks in which they 
are now found. 

In addition to these statements, it may be remarked, 
that the most striking argument hitherto offered against 
the existence of dicotyledonous plants at this period, 
appears to be; that inasmuch as we are justified in 
supposing that the circumstances under which the 
plants of the coal were entombed, were analogous to 
those which attended the submergence of those of the 
tertiary period, we should find that, if dicotyledonous 
plants had existed at the carboniferous epoch, in any 
considerable numbers, they would have left their im- 
pression on the shales, in the same manner as the 
tertiary plants have constantly left their imprints on the 
deposits of that date. 

On the other hand, if, as is now generally assumed, 
we consider the sigillarie to be of the dicotyledonous 
class, we shall, at all events, by the addition of this 
extensive genus, acquire a much larger numerical pro- 
portion of plants of this order, than was conceived up 
to a very recent period to have existed at this epoch. 

Ossections orf Count STERNBERG.—The whole 
subject, however, is replete with difficulties, such as 
the present state of our knowledge by no means 
enables us to explain, and Count Sternberg suggests the 
following contradictions and anomalies as arising out of 
the experiment just described. He fully admits the 
antiseptic quality of ferns, which, he remarks, had pre- 
viously been demonstrated in the shipwreck experienced 
by the late M. Dumont d’Urville, in which his plants 
having been submerged, and afterwards recovered, 
the grasses and ferns were saved, while the dicotyledon- 
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ous plants were wholly lost. He next observes, that 
it would seem that the equisetacee were all de- 
stroyed; yet, he remarks, they are excellently pre- 
served in the period extending from the carboniferous 
to the chalk formation; while, on the other hand, 
the ferns of the tertiary flora must have also pe- 
rished, since we are acquainted but with three from 
the brown coal, though it cannot be supposed that 
none were submerged in those deposits, seeing that 
they constitute the majority of the plants of the ex- 
tensive era from the coal to the chalk, and are 
also abundant at the present day. In conclusion, he 
suggests the probability, that the experiments of Dr. 
Lindley having been made with pure water, may not 
have produced precisely the same chemical effects on 
the plants, as was the case with those of the coal, 
which were immersed in water so impure and admixed, 
as to have deposited the clay-slate in which they are 
preserved. * 

CLassiFICATION oF PLants.—We shall now proceed 
to describe the arrangement of the vegetable kingdom 
in detail, and shall offer a brief description of those 
fossil plants which are most familiar, and of most fre- 
quent occurrence, under the classes to which they are 
separately referred. 

The whole vegetable realm is divided, by M. Adolphe 
Brongniart, into six grand classes. 

1. The agamiz. 

2. The cellular cryptogamiz. 

3. The vascular cryptogamiz. 

4. The gymnosperm phanerogamiz. 


* See Flora der Vorwelt, p. 83. 
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5. The monocotyledonous phanerogamie. 

6. The dicotyledonous phanerogamiz. 

The following are the observations of M. Brongniart, 
explanatory of the above arrangement :— 

‘* The first class is that of the agamia, a term which, 
however, we may consider as possibly expressing only 
our ignorance. This class comprises the different fami- 
lies confounded under the names of alga, fungi, and 
lichens. The characters common to all these vege- 
tables are as follows: they are entirely formed of cel- 
lular tissue, or rather of interlacing tubular filaments, 
without vessels properly so called; they never present 
true leaves, and their organs of reproduction consist 
only of very fine seedlings, which appear to develope 
themselves without fecundation, and are immediately 
inclosed in membranous conceptacles analogous to the 
filaments of that tissue which composes the whole of 
the plant. The only fossil plants of this class known 
are some conferve with several alge. 

**The second class, that of the cellular eryptogamie, 
comprises the two families of hepatice or liverworts, and 
musct, or mosses; their organs of vegetation, although 
solely composed of cellular tissue, offer, in most cases, 
leaves well characterised by their form, their structure, 
and by the fact that they are similar to those of the 
most perfect vegetables. Their organs of reproduction 
present a more complicated structure ; there are sexual 
organs very distinct, which have been perfectly de- 
scribed by Hedwig; the seedlings are contained in 
conceptacles of very complex organization. One fossil 
plant only is known as appertaining to this class. 

‘‘ The third class, that of the vascular cryptogamia, 
includes those vegetables, the more varied tissues of 
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which almost always include perfectly distinct vessels, 
and very frequently spiral vessels or imperfect spiral 
vessels, while the leaves are in general very fully deve- 
loped, and furnished with cortical pores; the stems, 
which are often large and arborescent, have some analogy 
by their structure with that of monocotyledons; and 
finally, the organs of reproduction always appear to 
consist of two distinct sexes, which produce seedlings 
inclosed in conceptacles of a somewhat complicated 
organization. To this class belong the equisetacea, 
the ferns, the /ycupodiacea, the marsiliacee, and the 
characee. | 

‘‘In the fourth class, under the name of phanerogamic 
gymnosperms, we unite the two remarkable families of 
cycadee and conifere@, which really cannot be con- 
founded by associating them in either of the other 
classes with vegetables, from which they are so distinct 
by the structure of their organs of reproduction, since 
their seeds, being destitute of capsules, receive directly 
the action of the fecundating substance ; and from which 
they are also distinguished by the organization of their 
stems, which differ in many respects from those of true 
dicotyledons. 

‘Finally, the fifth and sixth classes are formed of 
phanerogamic monocotyledons and dicotyledons, as they 
are defined by all botanists, omitting only the two 
families composing the preceding class. 

‘‘ If, on the one hand, the above arrangement pre- 
sents but little uniformity in the relative extent of the 
six grand primary divisions here described, three of 
them, the agamia, the monocotyledons, and dicotyledons, 
comprising a considerable number of families, genera, 
and species, while the remainder, in particular the 
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fourth, include only a very limited number; on the 
other hand, we preserve a far more essential uniformity 
in the importance of the characters; the groups which 
we obtain are, moreover, perfectly natural, and we do 
not meet with those contradictory disparities which it 
is impossible to avoid in dividing the vegetable king- 
dom only into three grand classes.” 

We subjoin, for the sake of clearness, a tabular ar- 
rangement of the various families which compose the 
classes above mentioned. 


Crass I.—AGAMLE. 


1st Family.— ConFrervez. 
2nd Family.—Atcz. 


Crass IT.—CELLULAR CRYPTOGAMIZ. 


3rd Family.—Mosses anp Liverworts. 


Crass III.—VASCULAR CRYPTOGAMLE. 


4th Family.—Eaquisetace4, the horse-tail tribe. 
5th Family.—FeErns. 

6th Family.— Marsitiace2, the pepper-wort tribe. 
7th Family.—Cuaracea, the chara tribe. 

8th Family.—Lycopopiaces, the club mosses. 


Crass 1V.— PHANEROGAMIC GYMNOSPERMS. 


9th Family.—Crcapez. 
10th Family.—Conirera, the fir tribes. 
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Crass V.—MONOCOTYLEDONOUS PHANERO- 
GAML. 


11th Family.—Natapes. 

12th Family.—Pacas. 

18th Family.—Litiaceg, the lily tribe. 
14th Family.—Cannez. 


Crass VI. — DICOTYLEDONOUS PHANERO- 
GAMI. 


15th Family.— AMEnrTAcEA, the birch tribe. 

16th Family.—JuaLanpex, the walnut tribe. 
17th Family.—Acerine&, the sycamore tribe. 
18th Family.—Nympuacea, the water-lily tribe. 


Crass I. AGAMIZE. 


The first class, that of agamsae, so called from a 
privative, and yayos, marriage, because no organs have 
been discovered which distinguish them as male and 
female flowers, comprises, as before stated, the first 
family, that of the conferve, and the second that of the 
alge, or sea-weeds, some few of each being found in 
a fossil state. We subjoin from Brongniart a figure of 
fucoides targionis discovered by Dr. Mantell in the 
glauconite, or fire-stone of the chalk formation. 

P 
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PIG. 144. 


Crass II.—CELLULAR CRYPTOGAMLE. 


The second class, that of the cellular cryptogania, 
includes the third family, that of the liverworts and 
mosses, 


Crass IIT.— VASCULAR CRYPTOGAMIE. 


The third class, that of the higher order of crypto- 
gamous plants, entitled vascular cryptogamic, consti-~ 
tutes the bulk of the plants of the coal, and comprises 
the extensive tribes of the equisetacee, or horse-tail fa- 
mily ; the ferns ; the marsiliacee, or pepper-wort family ; 
the characee, or chara family; and the lycopodiacee, 
or the club mosses. But, though resembling the recent 
tribes above-mentioned, the fossil plants far surpass 
them in size and grandeur. Thus the equisetum, or 
horse-tail, is a small and slender but elegant plant of 
our ponds and ditches, not more than half an inch in 
diameter, having a succulent, erect, and jointed stem, 
with verticillate fringes of linear leaves growing round 
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the joints, and bearing spikes of fructification on the 
summit. Plants of this order are abundant in the coal; 
but they are, comparatively, of gigantic species, ex- 
ceeding a foot in circumference. 


4th Family.—EquiIsETacEz. 


We subjoin a figure of the existing equisetum, 


FIG. 145. 
with that of the fossil equisetum columnare, from the 
work of Brongniart, and of calamites canneformis, 
another genus of this order, from that of Lindley and 
Hutton. 
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PIG. 146.—Equisetum colum:are. FIG. 147.—Calamites cannzforiis. 
Br. Pi. 120. Schlot. 
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5th Family.— Ferns. 

We next arrive at the ferns, which form so large a 
proportion of the plants of the coal, and which, like 
the tribes just mentioned, present in their stupendous 
size and proportions so striking a contrast to their 
diminutive analogues of this climate at the present 
day. The common brake or fern of our commons and 
waste lands exhibits a type of the family; but the 
arborescent ferns which now grow only in the vicinity 
of the equator present the closest analogy to the ferns 
of the carboniferous system, which were lofty trees, far 
surpassing in height and magnificence even their tro- 
pical representatives of the existing era. A splendid 
specimen, that of the alsophila brunoniana, which is 
placed on the staircase of the British Museum, affords 
an idea of the present arborescent ferns of the tropics, 
which attain an elevation of forty or fifty feet, their 
stems being marked with scars, from the decay of 
the leaf-stalks, and their summits covered with a 
spreading dome of graceful foliage. The scars some- 
what resemble those of other monocotyledonous plants, 
especially the palms, but differ in the circumstance 
that in the ferns they are commonly longitudinal, 
(longer than wide,) while, in the palms, they are 
transverse, (wider than long). From their number, 
variety, and from the presumed antiseptic property 
of their cuticle, already mentioned, they afford some 
of the most instructive and interesting fossil remains 
which the: vegetable kingdom has produced. Their 
leaves are elegant, displaying the utmost variety 
in their shape, and the greatest diversity in the 
veins of the leaf; and it is from these characters 
that naturalists have formed the generic and specific 
distinctions of the entire fainily. They are often pre- 
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served in the utmost perfection, and even the parts of 
fructification are occasionally observable at the back of 
the leaf. 

The fossil ferns are divided into the following genera, 
which are all determined by the character of their 
fronds or leaves :—pachypteris, sphenopteris, cyclopteris, 
glossopteris, neuropteris, odontopteris, anomopteris, teni- 
opteris, pecopteris, lonchopteris, clathropteris, schizo- 
pteris, otopteris, caulopteris, and sigillaria, &c., the two 
latter occurring only as stems ; and the last, as we have 
before mentioned, being considered by recent inquirers 
as a dicotyledonous plant. 

We shall now offer a description of each genus of 
most frequent occurrence, with the figure of a typical 
species of each. 


Pachypteris, from maxus, thick, and wrepis, a fern. 


Leaves pinnated, or bipinnated, leaflets entire, coria- 
ceous, ribless, or one-rilbbed, contracted at the base, but 
not adherent to the mid-rib. 

Two species only have been discovered ; in the oolite 
formation. 

The following is a figure of P. lanceolata, from 
Brongniart, Pl. 45. 


PIG 148. 
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Sphenopteris, from odny, a wedge, and arepis, & fern, 
the generic characters of which are as follow :— 

Leaves bi-tripinnatifid ; leaflets contracted at the base, 
not adherent to the rachis. Lobed; the lower lobes 
largest, diverging, somewhat palmate ; veins bipinnate, 
radiating, as it were, from the base. 

We give, as an example, the S. crenata, from Lind- 
ley and Hutton, Pl. 39. The species amount to about 
thirty-six. 


FIG. 149. 


Cyclopteris, from xvxdos, a circle, and reps, a fern. 


Leaves simple, entire, and somewhat orbicular; veins 
numerous, radiating from the base, dichotomous, equal ; 
mid-rib wanting. 

One species in the transition rocks. 

Four species in the coal. 

One species in the oolitic formation. 


We add a figure of C. Beanii, from Lindley and 
Hutton, Pl. 44. 


THE FOSSIL FERNS. 319 


FIG. 150. 


Glossopteris, from yAwoga, a tongue, and mrepis, a 
fern. 

Leaves simple, entire, somewhat lanceolate, narrow- 
ing gradually to the base, with a thick vanishing mid- 
rib; veins oblique, curved, equal, frequently dichotom- 
ones or sometimes anastomosing, and reticulated at the 

ase. 

Two species in the coal. 

One species in the lias. 

One species in the oolite formation. 

The subjoined illustration depicts G. Phillipsii, from 


Lindley and Hutton, Pl. 63. 


PY 


FIG. 151. 


3°20 THE FOSSIL FERNS. 


Neuropteris, from vevpoy, a nerve, and wreps, a fern. 


Leaves bipinnate, or rarely pinnate ; leaflets, usually, 
somewhat cordate at the base, neither adhering to each 
other, nor to the rachis by their whole base, only by the 
middle portion of it; mid-rib vanishing at the apex; 
veins oblique, curved, very fine, dichotomous. Fructi- 
fication; sori lanceolate, even, covered with an indu- 
sium, arising from the veins of the apex of the leaflets, 
and often placed in the bifurcations. 

Twenty-four species in the coal formation. 

Three species in the new red sandstone. 

One species in the anthracite of Savoy. 

One species in the muschelkalk. 


We subjoin a figure of N. Loshii, with a magnified 
leaflet, from Lindley and Hutton, Pl. 49. 


PIG. 152. 


Odontopteris, from odous, a tooth, and mrepss, a fern. 


Leaves bipinnated ; leaflets membranous, very thin, ad- 
hering by all their base to the rachis, with no, or almost 
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no mid-rib; veins equal, simple, or forked, very fine, 
most of them springing from the rachis. 
Five species in the coal formation. 


We subjoin a figure of O. minor, from Brongniart, 
Pl. 77. 
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Anomopteris, from a privative, vouos, a law, and srepis, 
a fern. 


Leaves pinnated; leaflets linear, entire, somewhat 
plaited transversely at the veins, having a mid-rib; veins 
simple, perpendicular, curved. Fructification arising 
from the veins, uncertain as to form ; perhaps dot-like, 
and inserted in the middle of the veins; or perhaps 
linear, attached to the whole of a vein, naked as in 
meniscia, or covered by an indusium, opening inwardly. 

One species in the new red sandstone. 


Teniopteris, from raina, a fillet, or wreath, and wrepis, 
a fern. 


Leaves simple, entire, with a stiff, thick mid-rib; 
veins perpendicular, simple, or forked, at the base. 
Fructification dot-like. 

Three species in the lias and oolite formations. 


rP3 


fied leaflet, from Lindley and Hutton, Pl. 62. 
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We adda figure of 7’. viftata, together with a magni- 


perpendicular to the mid-rib, simple, or once, or twice 
dichotomous. 
Sixty species in the coal formation. 
Two species in the lias. 
Ten species in the oolite. 
One species in the beds above the chalk. 


FIG. 154. 

| 

| Pecopteris, from a word unknown to the author, and 
{ nrepis, & fern. 
1 
| Leaf once, twice, or thrice pinnate; leaflets adhering 
j by their base to the rachis, or occasionally distinct ; 
mid-rib running quite through the leaflet; veins almost 
: 


The accompanying figure is that of P. adiantotdes, 
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with magnified leaflet ; also from Lindley and Hutton, 
Pl. 37. 


FIG. 155. 

Lonchopteris, from Acyxos, a spear, and mrepis, a 
fern. 

Leaf many times pinnatifid; leaflets more or less 
connate at the base, having a mid-rib ; veins reticulated. 

Two species in the coal formation. 

One species in the green sand formation. 

Clathropteris, from «deOpov, a lattice, and mrepis, a 
fern. 

Leaf deeply pinnatifid; leaflets havinga very strong 
complete mid-rib; veins numerous and simple, parallel, 
almost perpendicular to the mid-rib, united by transverse 
veins, which form a net-work of square meshes upon the 
leaf. 

One species in the lias. 

Schizopteris, from ox:{a, a fissure, or division, and 
nrepes, & fern. 

Leaf linear, plain, without mid-rib, finely striated, 
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almost flabelliform, dividing into several lobes, which 
are linear and dichotomous, or rather irregularly pin- 
nated and erect, lobes dilated and rounded towards the 
extremity. 

One species in the coal formation. 


Otopteris, from ovs, an ear, and srrepis, @ fern. 


Leaf pinnated; leaflets originating obliquely from 
the side of the leaf-stalk, auricled, attached by about 
half their base, destitute of all trace of mid-rib. Veins 
of equal size very closely arranged, diverging from their 
point of origin and dividing dichotomously at an ex- 
ceedingly acute angle. 


We subjoin a figure of O. acuminata, from Lindley 
and Hutton, Pl. 132. 


/ 
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FIG. 156, 


Caulopteris, from ravdos, a stem, and "reps, a 
fern. 


This is a term formed to describe those stems which, 
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from their markings, are considered by Dr. Lindley to 
be true stems of ferns; those figured or described as 
being so by Sternberg, Brongniart, and others, under 
the name of sigillaria, favularia, &c., not being now 
regarded as such. 


6th Family.—Marsitiace#, on Pepperwort TRIBE. 
This family comprises the doubtful genus. 
Sphenophyllum, rotularia, of Sternberg. 


Branched, deeply furrowed; leaves verticillate, wedge- 
shaped, with dichotomous veins. 
Eight species in the coal formations. 


7th Family.—Cuaracex, on Cuara Famity. 
_ Chara, gyrogonites, of Lamarck. 


Fruit oval, or spheroidal ; consisting of five valves, 
twisted spirally, a small opening at each extremity ; 
stems friable, jointed, composed of straight tubes, ar- 
ranged in a cylinder. 

Five species in the tertiary formations. 


8th Family.—Lycopopracex, or CLuB-Mosses. 


Lycopodites, lycopodiolithus, and walchia of Stern- 
berg. 


Branches pinnated ; leaves inserted all round the stem 
in two opposite rows, not leaving clean and well-defined 
scars. 

Ten species in the coal formation. 

One species in the sandstone of the lias, 

One species in the inferior oolite. 

One species in the marl below the chalk. 
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The accompanying figure delineates L. Williamsonis, 
together with a cone and magnified leaflet, of Lindley 
and Hutton, Pl. 93. 


Magnified leaflet. 
FIG. 157. 


Selaginites. 

Stems dichotomous, not presenting regular elevations 
at the base of the leaves, even near the lower end of the 
stems. Leaves often persistent, enlarged at their base. 

Two species in the coal formation. 


Lepidodendron, from Aems, a scale, and derdpor, a 
tree, sagenaria, of Sternberg. 


Stems dichotomous, covered near their extremities by - 
simple linear or lanceolate leaves, inserted upon rhom- 
boidal areolz ; lower part of the stems leafless ; areole 
longer than broad, marked near their upper part by a 
minute scar, which is broader than long, and has three 
angles, of which the two lateral are acute; the lower 
obtuse, the latter sometimes wanting. 

Several species in the coal formation. 
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Ulodendron. 

Stem covered with rhomboidal areolz, which are 
broader than long; scars large, few, placed one above 
the other, circular, composed of broad cuneate scales, 
radiating from a common centre, and indicating the 
former presence of organs, that were, perhaps, analo- 
gous to the cones of conifere. 

Two species in the coal measures. 

Lepidophyllum. 

This term signifies leaves, which it is conceived may 
have belonged to lepidodendron ; they are sessile, simple, 
entire, lanceolate, or linear, traversed by a single mid- 
rib, or by three parallel ribs. No veins. 

Lepidostrobus. 

This name indicates cones ovate, or cylindrical, com- 
posed of imbricated scales, inserted by a narrow base 
around a woody axis; their points sometimes dilated 
and reversed in the form of rhomboidal disks. Seed 
solitary, oblong, and winged, nearly as long as the 
scales. 

Five species in the coal formation. 

We subjoin a figure of L. ornatus. 
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FIG. 158. 
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These cones are commonly conceived to have been 
those of lepidodendron; but we are indebted to Mr. 
Hawkshaw for the fact, that beneath each of the mag- 
nificent, erect fossil trees, discovered by him on the 
Bolton and Manchester Railway, a number of these 
cones were found lying in such a position as indicated 
their having fallen from the tree. Corda, a German 
botanist, declares them to be the male flowers of coni- 
fere. The trees were pronounced by the late Mr. 
Bowman to be sigillarie. 

Professor Corda, in a Supplement to his Sketches of 
the Anatomy of Stems, has some farther observations 
on the lepidostrobi. He considers them as divisible into 
three forms, the first comprising LZ. pinaster, Foss. Flo. 
fiz. 198; and JZ. ornatus var-didymus, Foss. Flo. fig. 
163. These he regards as fragments of stems, referring 
L. pinaster to Presl’s genus of lycopodites, Bergera 
pinaster, and L. ornatus to Cycadites ornatus. The second 
form includes £. ornatus, Foss. Flo. fig. 26, which he 
considers as a fruit of yet unknown and problematical 
kind; while the third comprises what he recognises as 
true lepidostrobi, viz. L. variabilis, Foss. Flo. fig. 10, L. 
comosus, Foss. Flo. fig. 162, and the specimens so 
splendidly figured by Brongniart, vol. ii. fig. 22 and 
23. He adds, that these last will require more investi- 
gation than the two preceding forms, and that to as- 
certain their structure and assign their due character and 
position, it will be advisable, at the same time, to take up 
the investigation of the fruit of /ycopodiacee, with which 
they are compared by Brongniart; then to determine 
their peculiar structure, and to compare it with those 
groups and families to which they are referred above. 

Cardiocarpon, from xapgiov, the heart, and xapzos, 
fruit. 
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These are heart-shaped fruits, five species of which 
occur in the coal formation. 


Stigmaria. Variolaria, Sternb.; mammillaria, Brongn.; 
ficoidites, Artis. 


Stem originally succulent; marked externally by 
roundish tubercles, surrounded by a hollow, and ar- 
ranged in a direction more or less spiral, having inter- 
nally a distinct woody axis, which communicates with 
the tubercles by woody processes. Leaves arising from 
the tubercles, succulent, entire, and veinless, except in 
the centre, where there is some trace of a mid-rib. 

Five species in the coal formation. 

One species in the oolite formation, viz. :—Mam- 
millaria Desnoyersii, of Brongn. Ann. sc. 4, t. 19, 
f. 9, 10. 


We subjoin a figure of S. ficoides, Lindley and 
Hutton, Pl. 34. 


FIG. 159. 


Crass IV.—PHANEROGAMIC GYMNOSPERMS. 


We shall here take occasion to remark, that having 
figured those genera which occur most commonly in 
the coal measures, and the chief depositaries of fossil 
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vegetation, we shall merely offer descriptions of most of 
the remaining plants, and, with one or two exceptions, 
refer for the plates and other details, to the works of 
Brongniart, Sternberg, and Lindley and Hutton. 


9th Family.—Cycapez. 


LEAVES ONLY KNOWN. 


Pterophyllum, from mrepov, a wing, and ¢vAAo», a leaf. 

Leaves pinnated ; leaflets almost equally broad each 
way, inserted by the whole of their base, truncated at 
the summit; veins fine, equal, simple, but little marked, 
all parallel. 

Eight species in the lias and oolite. 

We subjoin a figure of P. comptum, with magnified 
leaflet, Lindley and Hutton, Pl. 66: 


FIG. 160. 
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Cycadites. 

One species in the grey chalk. 

Eight species in the oolite formation. 
Nillsonia, from Professor Nillson. 
Two species in the lias. 

Zamia. 

Fifteen species in the oolite and lias. 
One species from a deposit unknown. 


- STEMS ONLY KNOWN. 

Cycadeoidea, Buckland, Mantellia, Ad. Brongn. 

The following dicotyledonous plants are of doubtful 
affinity :—Phyllotheca, annularia, bechera, asterophyl- 
lites, &c. 

As this last genus is of frequent occurrence in the 
coal, we subjoin a figure and description of asterophyllites 
foliosa, Lindley and Hutton, Pl. 25. 


FIG. 161. 
A sterophyllites. Bornia, Sternb.; Bruckmannia, Sternb. 
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Stem scarcely tumid at the articulations, branched ; 
Leaves verticillate, linear, acute, with a single mid-nb, 
quite distinct at their base. 


Twelve species in the coal formation. 

One species in the transition beds. 

This is considered to be an extremely heterogeneous 
assemblage, comprehending nearly all fossils with 
narrow, veinless, verticillate leaves, which are not united 
in a cup at their base. 


10th Family.—Conirer#, THE Fir TRIBE. 


WOOD ONLY KNOWN. 


Pinites. 

Three species in the coal formation. 

Peuce. 

One species in the coal formation. 

One species in the oolite. 

Pinus. 

Nine species in the tertiary strata. 

Abies. 

One species. 

Taxites. 

Five species in the tertiary beds. 

One species in the oolite formations. 

Podocarpus. 

One species in the tertiary fresh-water formations of 
Aix. 

Voltzia. 

Four species in the new red sandstone. 

Thuia. 

Three or four species in the new red sandstone. 

Thuytes. 

Four species in the schistose oolite. 
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DOUBTFUL. 
Brachyphyllum. 
One species in the lower oolite formation. 


Crass V.—MONOCOTYLEDONOUS PHANERO- 
GAMIA. 


11th Family.—Fruviares. 
Losterites. 
Four species in the lower green sand. 
One species in the lias. 
Two species in the upper fresh water formation. ~ 
Caulinites. 
One species in the London clay. 


12th Family.—Tue Paras. 


STEMS ONLY KNOWN. 
Palmacites. 
One species in the lower beds of the London clay. 


LEAVES ONLY KNOWN. 
Flabellaria. 

One species in the coal. 

Three species in the tertiary formations. 
Pheenicites. 

One species in the tertiary formations. 
Noeggerathia. 

Two species in the coal measures. 
Juniperites. 

Three species in the tertiary beds. 
Cupressites. 

One species in the new red sandstone. 
Leugophyllum. 

One species in the coal formation. 
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FRUIT ONLY KNOWN. 
Cocos. 
Three species in the tertiary formations. 


13th Family.—Liuiacez, THE Lity Turse. 
Bucklandia. 
One species in the Stonesfield slate. 
Clathraria. 
One species in the green sand. 


LEAVES ONLY KNOWN. 


Convallarites. 
Two species in the variegated sandstone. 


FLOWERS ONLY KNOWN. 
Antholithes. 
One species in the tertiary beds. 


14th Family. —Cannez. 


Cannophyllites. 
One species in a bed of coal, 


Monocotyledonous plants of doubtful affinity. 


STEMS ONLY KNOWN. 
Endogenites. 
Several species from the tertiary strata. 
Culmites. 
‘Three species from the tertiary beds. 
Sternbergia. Columnaria of Sternberg. 
Three specics in the coal formation. 


LEAVES ONLY KNOWN. 
Poacites. 
Several species in the coal formation. 
Phyllites. Potamophyllites ot Brongniart. 
One species in the lower fresh water formation. 
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FRUITS ONLY KNOWN. 


Trigonocarpum. Ad. Br. 

Five species in the coal formation. 
Amomocarpum. Ad. Br. 

One species in the tertiary formations. 
Musocarpum. Ad. Br. 

Two species in the coal formation. 
Pandanocarpum. Ad. Br. 

One species in the tertiary strata. 


CLass VI. — DICOTYLEDONOUS PHANERO- 
GAMI. 


15th Family.—AmeEntace#, THE Bircu TRIBE. 
Carpinus, betula, and comptonia. 
One species of each in tertiary lignite. 


DOUBTFUL AMENTACEZ. 
Salix, populus, castanea, and ulmus. 
In upper fresh water formation. 


16th Family.—JucLanpez, THE WALNUT-TREE TRIBE. 
Three species in the tertiary strata. 
One species in the upper beds of new red sandstone. 


17th Family.— AcErInEz, THE SycaMORE TRIBE. 
Some dubious leaves found near Frankfort. 


18th Family.— Nympuacea, THE WATER-LILY TRIBE. 

Nymphea. 

Upper fresh water formations. 

Flowering plants which cannot, with certainty, be 
referred to either the monocotyledonous or dicotyle- 
donous class. 

AE thophyllum, echinostachys, and paleoxyris. 

One species of each in the new red sandstone. 
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Plants, the affinity of which has hitherto been 
regarded as uncertain, but which are now referred with 
great probability to the dicotyledonous division. 

Sigillaria. Rhytidolepis, alveolaria, favularia, cate- 
naria, &c., of Sternberg. 

Stem conical, deeply furrowed, not jointed ; scars 
placed between the furrows in rows, not arranged in a 
distinctly spiral manner, smooth, much narrower than 
the intervals which separate them. 

About forty species in the coal formation. 


FIG. 162.—Sigillaria organum. 


Volkmannia. 


Stem striated, articulated; leaves collected in ap- 
proximate, dense whorls. These are considered to be, 
probably, the leaves of calamites. 


Carpolithes. 

Under this name are arranged all the fossil fruits to 
which no other place is assigned. 

ARRANGEMENT OF THE PLANTS OF THE CoAL.— 
The most frequent and familiar of the coal plants may 
be classified under the following divisions :—First, 
ferns and sigillarie. Secondly, lepidodendra, a doubt- 
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ful genus, provisionally referred to lyeopodiacee ; but, 
by the German botanist Corda, ascribed to crassulacee. 
Thirdly, calamites, allied to equisetacee. Fourthly, 
coniferous plants. Fifthly, stigmarie, which appear to 
be an extinct family. 

1. Ferns anp SIGItrari1£.—The leaves of flowerless 
plants differ from true leaves in many particulars, and 
are therefore called fronds. The genera of fossil ferns 
have been determined by the characters of these fronds, 
such as their mode of attachment to the rachis or stem, 
their shape, their method of branching, and the way in 
which the veins are distributed. 

The student will find it necessary co devote peculiar 
attention to the fossil ferns, so as to be able to discri- 
minate between the different genera and species, and 
to identify particular specimens. The four genera of 
familiar occurrence which most nearly resemble each 
other, and are therefore most difficult to distinguish, are 
neuropteris, sphenopteris, pecopteris, and odontopteris. 
The following, among others, may be mentioned as 
distinctive characters. Neuropteris is known from 
sphenopteris by its leaves being cordate at the base, 
while this character is reversed in sphenopteris, in which, 
near the base, the leaves are usually smallest; the 
shape of the leaflets is moreover different, those of 
sphenopteris being lobed, while those of neuropteris 
are not. /Pecopteris, again, is distinguished from 
neuropteris by its leaves being occasionally tri-pinnate, 
which is never the case with neuropteris ; the mid-rib 
of pecopteris also runs quite through the leaflet, while 
in neuropteris it vanishes at the apex; the veins, 
moreover, of pecopteris run almost perpendicular to 
the mid-rib; while in neuropteris they are oblique 
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and curved; and the genera odontopteris and neu- 
ropteris, are distinguished from each other by the 
veins of the former proceeding into the segments directly 
from their base, without collecting into a distinct mid-rib, 
and by those of the latter gradually diverging from the 
mid-rib, as they approach the point of the segments. 

We subjoin, for the guidance of the learner, a mag- 
nified leaf of a familiar species of each genus here 
mentioned ; and for farther particulars, such as the form, 
markings, and other characters of recent leaves and 
stems, analogous to those of fossil specimens, we again 
refer our readers to the splendid work of M. Brong- 
niart, from which the following figures are taken. 


FIG. 163.—1. Neuropteris. 2. Sphenopteris. 3. Pecopteris. 4. Odontopteris. 


SiGILLARIzZ.—The same deposits of the coal afford 
numerous fluted stems, or trunks of trees which, when 
they occur in the shale, are usually squeezed close and 
flat, by the pressure of the superincumbent strata, but 
when placed vertically or obliquely in the grit, or 
sandstone, are round and uncompressed. From pre- 
senting small impressions, occasioned by the decay and 
fall of the leaf-stalks, resembling markings made by a 
seal, they have obtained the name of sigillarie. They | 
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have also been figured and described by various writers 
on Fossil Botany, under the names of rhytidolepis, 
alveolaria, favularia, catenaria, &c. They have hi- 
therto been considered as monocotyledonous plants; 
but later observers, particularly the late Mr. Bowman 
in a communication to the Geological Society, on the 
fossil trees, discovered on the Bolton Railway,* satis- 
factorily shows that the sigillarie belonged to the 
dicotyledonous division. He founds this conclusion on 
the following evidence :— 

The irregular, longitudinal and discontinuous, or 
anastomosing furrows on the surface of the stems; the 
swelling out of the stems at their base; their angle of 
dip, or downward direction of the roots; characters 
which he observes, are constantly observable in dicoty- 
ledonous, but never in monocotyledonous plants. He 
adduces marks of strize as proving, with other evidence, 
that these trees have a separable bark, and finally, in 
slices of a tree of this kind, prepared for microscopic 
investigation, he discovered traces of medullary rays, 
which are universally recognised as indisputable proofs 
of dicotyledonous structure. The supposition that 
these plants were hollow, a circumstance which would 
be fatal to their dicotyledonous character, had previously 
been denied by Mr. Hawkshaw, who had stated that 
in tropical climates the interior of solid hard-wood trees 
is often consumed by insects, in an extremely short 
space, leaving the bark intact, and the tree apparently 
sound. Hence, it is inferred, that in the ultra-tropical 
climates of the carboniferous epoch, solid trees would 
be internally destroyed and rendered hollow in an ex- 
cessively short period of time. 


® See Procecdings, vol. 3, No. 63, p. 273. 
a2 
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While the sigillarie are thus generally regarded as 
dicotyledonous, or exogenous trees, Dr. Lindley has 
divided from them another genus termed caulopteris, 
which he considers as true stems of tree-ferns. They 
are hollow, a circumstance which will be considered 
of little importance after the statements of Mr. Hawk- 
shaw, quoted above ; but the markings which they ex- 
hibit present so close a resemblance to those of existing 
tree-ferns, as to render their identity with those plants 
highly probable. They are, however, comparatively 
rare, while of sigillaria, forty species have been dis- 
covered in the coal, as well as a figure of the fossil stem, 
caulopteris, and of that of a familiar species of recent 
fern. 


FI G. 164.—Caulopteris Phillipsil, FIG. 165.—Stem of recent tree-fern. 
Lindley and Hutton. 


II. LErrvopENDRA.—These are a very numerous class 
of fossils from the same deposits of the coal. They 
have hitherto been conceived to be referable to the fa- 
mily of club-mosses, and the larger species were re- 
garded as forming a transition to the coniferous plants. 
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The living varieties of their supposed analogues abound 
in tropical climates, they generally creep on the ground, 


some grow erect, but none exceed three feet in height; 
whereas fossil specimens have been found some thirty 


feet high, while fragments have been discovered indi- 
cating a much larger size. 
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FIG. 167.—Branching Trunk of L. FIG. 168.—Branching Stem, with bark 
Sternbergili Foss. Flo. 203. and leaves, Flora der Vorwelt, Erstes 
Heft, Leivzig, 1820. Pi. II. 
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Professor Corda, however, the continuator of the re- 
. searches and the writings of Count Sternberg, and cura- 
tor of the Bohemian National Museum at Prague, in his 
work above mentioned, Skizzen der vergleichenden Phy- 
totomie vor-und jetztweltlicher Pflanzen-Sltamme, which 
may be rendered, Sketches of the Analogies of Structure 
in the Stems of recent and fossil Plants, p. 1xxi., refers 
them to a totally different family. He declares that 
both in general habit, and external and internal structure, 
they are far more closely allied to the existing crassu- 
face@ than to any other tribe, and that both in external 
and internal characters they are strongly distinguished 
from lycopodiace@. With regard to the lepsdostrobi, 
he observes that they have never yet been proved to 
be the fruit of lepidodendron ; and he considers them 
the male flowers (die mdnnlichen Blithen) of a plant of 
the fir tribe. Mr. Hawkshaw, as we have already 
stated, found them at the base of trees, considered by 
the late Mr. Bowman to be sivillaria.* | 
The crassulacee, or house-leek family, are describe:l 

by Dr. Lindley as an order of plants comprising 272 
species, of which 133 are found at the Cape of Good 
Hope, 52 in Europe, and the remainder in various 
regions, chiefly those of the temperate zone. They 
occur in the driest situations, where not a blade of 
grass nor a particle of moss can grow, on naked rocks, 
old walls, or sandy hot plains, alternately exposed to 
the heaviest dews of night, and the fiercest rays of the 
noon-day sun. Soil is to them a something to keep 
them stationary, rather than a source of nutriment, 
which in these plants is conveyed by myriads of 


* See page 328. 
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mouths, (invisible to the naked eye, but covering all 
their surface, )—to the juicy beds of cellular tissue which | 
lie beneath them. The following is a figure of a typical 
species of this family. 
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FIG. 169.—Crassula tetragona, from De Candolle’s Plantes Grasses. 


III. Catamites.—These have already been de- 
scribed as allied to the equtsetaceez, or horse-tail tribe ; 
but they differ in their much larger size, the analogous 
plants in these regions being only two feet high, while 
a gigantic species of the tropics is no more than five 
feet in height, and an inch in diameter; whereas their 
fossil representatives far exceed these dimensions, both 
in circumference and elevation; they were farther dis- 
tinguished by having a thin bark, and are now generally 
considered a separate and extinct family. 

IV. Tue Contrerz.—It has been remarked, as a 
striking circumstance, that the fossil trees of the coal 
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of this character bear a close resemblance to those of 
the existing genus araucaria, or pine of Norfolk Island; 
slices of the wood, when inspected by the microscope, 
showing that the ducts or glands peculiar to this order 
of plants are arranged in a similar manner, that is, 
alternately in double and triple rows. 


FIG. 170. 


V. Sticmarie.—These have recently been most 
fully and ably discussed, in a valuable contribution to 
the Geological Society,* by Mr. Logan. As the paper 
will be again cited, in treating of the coal formations, 
we shall content ourselves for the present by remark- 
ing, that Mr. Logan adopts the idea of Mr. Steinhauer, 
that the stigmaria was a large, succulent water-plant, 
the stem, in its compressed fossil state, varying from 
two to six inches in diameter, and having numerous 
processes,t which proceed vertically, horizontally, and 
obliquely, and traverse the beds in every direction. 
These processes Mr. Logan has traced to a distance 
of eight or ten feet from the stem; and he is of 
opinion they have had a horizontal range of twenty 
feet. From the number of these plants, Mr. Logan 


* See Proceedings, vol. 3, No. 69, p. 275. 
+ See fig. 133. 
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concludes that they have furnished the material for 
the great mass of our beds of coal, and from their 
constant presence in every seam of coal over the 
whole area of South Wales, he derives evidence of the 
most conclusive character, as to the coal having been 
formed by submergence on the spot, and not by drift as 
heretofore supposed. 

For more complete details, explanations of tech- 
nical terms, &c., the student is referred to the ele- 
mentary works on botany already mentioned. As the 
leaves, however, constitute a highly important feature 
in this department of science, we shall here introduce 
a few remarks descriptive of their characters, as they 
occur most commonly in fossil plants. 

Leaves are either simple, that is, consisting of one 
leaf, as in the lily ; or compound, composed of several 
leaflets, as in the rose. Compound leaves are dis- 
tinguished into pinnate, bipinnate and tripinnate ; and 
into ternate, biternate, and triternate, &c. 

A pinnate, (or winged) leaf, is one, the stem or foot- 
stalk of which has several leaflets at each side, growing, 
at equal distances, in pairs. 
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FIG. 171. 
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A bipinnate leaf is one in which the footstalk itself 
is divided, and branches out into other footstalks, each 
of which supports leaflets, corresponding in all their 
modifications to those of the simply pinnate leaf. 


FIG. 172. 


A tripinnate leaf is of the same description as the 
above, once more decompounded ; the footstalk being 
bipinnate, and supporting leaflets, as in the former 
modes. 


FIG. 173. 


The term fernate, with its compounds, indicates an 
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analogous arrangement. A ternate leaf is so called 
when the footstalk supports three leaflets ; 


FIG. 174. 


a biternate leaf is when the common footstalk supports 
three others, each of which supports three leaflets; 


FIG. 175. 
and a triternate leaf is only a farther decomposition of 


the above. 


FIG. 176. 
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A pinnatifid leaf is one which is cut transversely into 
several oblong, parallel segments ; 


FIG. 177. 


and bipinnatifid denotes another decomposition of the 
same form. 


FIG. 178. 


As to position, leaves are either radical, that is, pro- 
ceeding from the crown, or radical plate ; or they are 
caulinar, borne on the stem; and either sessile or petio- 
late, that is, either sitting or having footstalks. Sessile 
leaves are sometimes vaginant, that is, sheathing, as in 
grasses ; or amplexicaule, stem-clasping, as in many um- 
belliferous plants; or connate, situate opposite each other, 
and united at the base, circumscribing the stem, as in 
the leaves of the honey-suckle, or they are decurrent, 
running down the stem, &c. &c. 

As regards shape, their modifications are innumerable ; 
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the chief of these, as regards fossil plants, may be 
stated as follows:—They are linear, narrow, and long, 
with parallel sides, and of equal breadth throughout ; 
or lanceolate, of a narrow, oblong form, tapering to- 
wards each end; verticillate, growing in rings or whorls; 
they are farther, ovate, egg-shaped; obovate, the same 
form with the large end upwards ; cordate, heart-shaped, 
obcordate the heart-shape reversed ; hastate, spear-shaped; 
auricled, having appendages like ears; lobed, that is 
with the margins of their segments rounded, while ac- 
cording to the number of lobes, the leaf is termed 
bilobate, trilobate, &c.; they are adherent or not ad- 
herent to the stem, or to each other; they are deciduous, 
or withering and falling; or persistent, the reverse of 
this, remaining; they are flabelliform, or fan-shaped ; 
or imbricated, placed one over another, like the tiles of 
a house. They are also succulent, soft and juicy; cori- 
aceous, resembling leather, &c., &c.; the areole are the 
spaces from which the leaves have fallen. 

Venation constitutes a highly important character in 
fossil botany, since the veins often afford very con- 
clusive evidence as to the generic character of a plant. 
The costa is the mid-rib from which the smaller veins. 
usually proceed ; these are simple, (that is, undivided, ) 
or dichotomous, (forked,) once, or more than once ; anas- 
tomosing (running into each other ;) reticulated, forming 
a net-work; or radiating, proceeding from a centre, 
like the spokes of a wheel, &c., &c. See Dr. Lindley, 
Sir J. E. Smith, Sir W. Hooker, &c., &c. 
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EXERCISES 
ON FOSSIL BOTANY. 


1. Describe the arrangement of plants according to 
the mode of Jussieu, or the natural system, as it is 
termed. 

2. Explain the term, cotyledon. 

8. Describe the monocotyledonous and dicotyledon- 
ous divisions of plants. 

4. Show the difference of the two classes, as developed 
in the seed, the wood and the leaf. 

5. Describe the successive epochs in the botany of 
the ancient earth, as proposed by Brongniart, and modi- 
fied by Sternberg. 

6. Name the six divisions of the vegetable kingdom 
adopted by Brongniart. 

7. Copy and commit to memory the eighteen fami- 
lies which form the six divisions above stated. 

8. State the experiment of Dr. Lindley, as to the 
power of certain plants to resist decomposition in water, 
and its results, with the remarks of Count Sternberg. 

9. Describe the nature of the flora of the ancient 
earth, and the peculiar climate indicated by such a 
character of vegetation. 

10. State the period when this flora gradually as- 
sumed its present European character. 

11. Commit to writing a list of the genera of fossil 
plants, with the derivation of their respective names. 

12. Copy, on tracing paper, a typical specimen of 
each genus. 

13. Seek, as usual, to combine practice with theory, 
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and identify the real specimens of each genus, with 
their description in books. 

14. Name the genera which most closely resemble 
each other, and state the characters which distinguish 
odontopteris from pecopteris, and the latter from neuro- 
pteris, and sphenopteris. 

15. Trace the leaves (with their venations) figured in 
page 338. 

16. Trace in like manner a pinnate, bipinnate and 
tripinnate; anda ternate, biternate, and triternate leaf. 

17. Trace from the work of Brongniart, the leaves 
(with their venation) of recent ferns resembling the fossil 
species. 7 

18. State the distinction between caulopteris, and 
sigillaria, and the reasons for establishing the former 
as a separate genus, 


CHAPTER IX. 
PALZONTOLOGY. 


COLLECTIONS :—ROYAL COLLEGE OP SURGEONS, BRITISH MUSEUM, 
GEOLOGICAL SOCIETY. 


AUTHORS :—CUVIER, OWEN, MANTELL, ROGET, BUCKLAND, &c. 


ARRANGEMENT of the animal kingdom, abridged from 
Cuvier.® 


I. VERTEBRATA. 


Mammalia. 

Bimana, Man. 

Quadrumana, Monkey, Ape, Lemur. 

Cheiroptera, Bat, Colugo. 

Insectivora, Hedge-Hog, Shrew, Mole. 

Plantigrada, Bear, Badger, and Glutton. 

Digitigrada Dog, Lion, Cat, Martin, Weasel, Otter, 

Amphibia, Seal, Walrus. 

Marsupialia, Oppossum, Kangaroo, Wombat. 

Rodentia, Beaver, Rat, Squirrel, Porcupine, Hare. 

Edentata, Sloth, Armadillo, Ant-eater, Pangolin 
Ornithorhyncus. 

Pachydermata, oe Hog, Tapir, Rhinoceros, 
Horse. 


* From the admirable Bridgewater Treatise of Dr. Roget. 
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Camel, Musk-Deer, Giraffe, Antelope, 


Pome Goat, Sheep, Ox. 
Cetacea, Dolphin, Whale. 
AVES, BIRDS. 
Accipitres, Vulture, Eagle, Owl. 
Thrush, Swallow, Lark, Crow, Spar- 
Passeres, 
row, Wren. 
Scansores, Woodpecker, Cuckoo, Toucan, Parrot. 
Galline, Peacock, Pheasant, Grouse, Pigeon. 
Gralle, Plover, Stork, Snipe, Ibis, Flamingo. 
Palmipedes, Auk, Grebe, Gull, Pelican, Swan, 
Duck. 
REPTILIA, REPTILES. 
Chelonia, Tortoise, Turtle, Emys. 
Sauria, Crocodile, Lizard, Gecko, Chameleon. 
Ophidia, Serpents, Boa, Viper. 
Batrachia, Frog,Salamander, Newt, Proteus,Siren. 


PISCES, FISHES. 
Acanthopterygii, Perch, Mackarel, Sword-fish, Mullet. 
_, GSalmon, Herring, Pike, Carp, Silurus, 
Malacopterygil Cod, Sole, Remora, Eel. 
Lophiobranchi, Pike-fish, Pegasus. 
Plectognathi, | Sun-fish, Trunk-fish. 
Chondropterygii, Lamprey, Shark, Ray, Sturgeon. 


Il, MOLLUSCA. 
1. Cephalopoda, Cuttle-fish, Calamary, Nautilus. 
2. Pteropoda, Clio, Hyalzea. 
3. Gasteropoda, Slug, Snail, Limpet, Whelk. 
4. Acephala, Oyster, Mussel, Ascidia. 
5. Brachiopoda, Lingula, Terebratula. 
6. Cirrhopoda, Barnacle. 
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Ill. ARTICULATA. 
1. Annelida. 


Tubicola, Serpula, Sabella, Amphitrite. 
Dorsibranchia, Nereis, Aphrodite, Lob-worm. 
Abranchia, Earth-worm, Leech, Nais, Hair-worm. 


2. Crustacea. 
1. Malacostraca, 
Decapoda, Crab, Lobster, Prawn. 
Stomapoda, Squill, Phyllosoma. 
Amphipoda, Gammarus, Sand-hopper. 
Leemodipoda, Cyamus. 
Tsopoda, Wood-louse. 
2. Entomostraca, Monoculus. 


3. Arachnida. 


Pulmonalia, Spider, Tarantula, Scorpion. 
Trachealia, Phalangium, Mite. 


4. Insecta. 
Aptera, Centipede. 
Coleoptera, Beetle, Glow-worm. 
Orthoptera, Grasshopper, Locust. 


Hemiptera, .  Fire- fly, Aphis. 
Neuroptera, Dragon-fly, Ephemeron. 
Hymenoptera, Bee, Wasp, Ant. 
Lepidoptera, Butterfly, Moth. 
Rhipiptera, Xenos, Stylops. 
Diptera, Gnat, House-fly. 


IV. ZOOPHYTA. 


1.Echinodermata,Star-fish, Urchin. 
2. Entozoa, Fluke, Hydatid, Tape-worm. 
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8. Acalephe, Actinia, Medusa. 
4. Polypi, Hydra, Coral, Madrepore, Pennatula. 
5. Infusoria, Brachionus, Vibrio, Proteus, Monas. 


EXTENT OF THE SussEcT.—The studies which pass 
under the term paleontology, comprising animal phy- 
siology, comparative anatomy, and a general know- 
ledge of the laws of structure, are so important and 
extensive, as to render it obviously impossible to des- 
cribe them, at length, within the brief limits of an 
introductory work; while the proficiency which en- 
ables the skilful comparative anatomist not only to 
refer the single bone to the peculiar animal of which 
it has formed a part; but in many instances of ex- 
tinct types of being, to reconstruct the entire form 
anew, must be the result of talent, time, and opportu- 
nity, such as can fall only to the lot of few. 

Yet, though a comprehensive detail is beyond the 
limits of any mere introduction, it may still be possible 
to furnish information which may prove useful and 
instructive; and though a perfect proficiency in ac- 
quirements so varied and extensive, must be confined 
to a limited number of individuals, a general ac- 
quaintance with these subjects is attainable by all. 
The arrangement of the animal kingdom, abridged from 
Cuvier, prefixed to the present chapter, will furnish 
an idea of the classification of animals; and of these, 
the reader is already aware, that those appertaining to 
the class mammalia, (such as give suck to their young, ) 
occur only in deposits of the tertiary order, (those 
which lie above the chalk;) while the animal forms 
discovered in the secondary rocks, with one or two 
solitary exceptions, (that of the didelphys, of Stones- 
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field, and its associate, which will be noticed hereafter) 
are all of the reptilian type. Though, we repeat, 
a knowledge of osteology, and a general acquaintance 
with structure are not attainable, nor, in fact, required 
by the beginner in geology, yet there is one portion 
of the animal frame, the characters of which are usually 
so clear and well-defined as to render it a comparatively 
easy task to recognise them, and to determine the class, 
order, and genus of animal to which they belong—we 
allude, of course, to the teeth. Since the providing 
a due supply of food is necessarily an object of the first 
importance to the support of animal life, the instru- 
ments by which this food is to be masticated and pre- 
pared for digestion, appear, in every instance, to have 
been the peculiar objects of creative power and wisdom, 
and are invariably found to exhibit a structure admi- 
rably adapted to the habits of the creature of whom 
they form so important a part. 

ARRANGEMENT OF THE TEETH.—Their arrangement 
in the jaws of those animals which possess the most 
complete dentition, is as follows. The front teeth 
have a sharp-edged, or chisel-shape, like the blades 
of a cutting instrument, and hence they are denomi- 
nated incisors. The conical teeth, immediately fol- 
lowing the incisors, are called cuspidate, or canine 
teeth, because they are particularly conspicuous in 
dogs. In the larger carnivora, as the lion and the 
tiger, they constitute most powerful weapons of de- 
struction, and in the boar they form the tusks of 
the animal. All the teeth which are placed farther 
back in the jaw are termed molar teeth, or grinders, 
but the term comprises teeth of several different 
forms. Those which are placed next to the canine 
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teeth partake of the conical form, and have pointed 
eminences, these are called the false niolar teeth, and 
also, from their having generally two points or cusps, 
the bicuspidate teeth. The posterior molar teeth are 
differently shaped in different animals. In the carni- 
vora, they are raised into sharp, and often serrated 
ridges, having many of the properties of cutting teeth ; 
in insectivorous and frugivorous animals, their surface 
presents prominent tubercles, either pointed or rounded, 
for pounding their food; while in quadrupeds that feed 
on grass or grain, they are flat and rough, for the pur- 
pose simply of grinding. 

TEETH oF THE CARNIVORA.—A striking difference is 
also presented in the carnivorous and herbivorous tribes, 
not only as regards the form and character of the teeth, 
but also the structure of the jaws by which they are set 
in motion ; in the former, of which the tiger may serve 
as the type, 


FIG. 179.—Skull of a Tiger. 


we perceive the incisors, or cutting teeth, in front; 
the canine, or sharp fangs, at the side; and molar, or 
bruising, or crushing teeth, in the back part. The 
molar are armed with pointed eminences, which cor- 
respond with those of the lower jaw, so as to interlock 
exactly with them, like wheelwork, when the mouth 
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is closed; the whole of the teeth being sharp and 
cutting, and covered with enamel. The spaces for the 
insertion of those muscles which give motion to the 
jaw are large and prominent, and the articulation of the 
jaw with the skull constitutes a hinge-joint, causing 
the jaws to close flat, like the lid of a box, but not 
admitting any rotatory or grinding motion. In other 
words, we have an apparatus admirably adapted for 
tearing, or cutting flesh, or for cracking, or crushing 
bones ; but by no means suited for grinding, or reducing 
to a pulp, the stems or other portions of vegetable sub- 
stance. 

Or tne Hersivora.—In herbivorous animals, on — 
the contrary, of which the horse may be cited as an 
example, 


FIG. 180.—Skul! of the Horse. 


the sharp fangs of the teeth are wanting, the surfaces of 
the molar teeth, instead of rising into eminences, are 
flattened and spread out to a considerable extent; and 
in place of being wholly covered by enamel, that sub- 
stance is arranged into deep vertical layers, alternating 
with bony matter, so as to form a rough and grinding 
surface. Again, the jaws are loosely articulated with 
the skull, so as to allow of lateral motion, and the 


RODENTIA. 359 


muscles, placed internally between the sides of the jaw 
and the basis of the skull, which effect that motion, are 
thick and strong, so as to afford every facility for that 
rotatory movement, which is perfectly adapted for a 
grinding process. In short, in the peculiar structure 
of the teeth, and of the machinery by which their move- 
ment is produced, we have an apparatus perfectly cal- 
culated to grind, and reduce to a pulp, those vegetable 
substances on which the creature is ordained to feed, 
but as perfectly unfitted for tearing or cutting the fleshy 
fibres of animal food. 

Or tHE Ropentia.—The rodents, or gnawers, of 
whom the squirrel may offer a representation, 


FIG. 181.—Skull of a Squirrel. 
constitute a family of mammalia, whose dental cha- 
racters differ, in a marked manner, both from those of 
the herbivorous and carnivorous tribes. They are all 
animals of diminutive stature, whose teeth are expressly 
formed for gnawing, nibbling, and wearing away, by 
continued attrition, the harder textures of organized 
bodies. They have two incisors, or front teeth, in each 
jaw, which are long, sharp, and cutting, having the 
exact form and action of a chisel; they lock together 
so closely as to render a grinding movement impossible; 
a new adjustment has, therefore, been supplied, and the 
articulating surface of the jaw is elongated, so as to 
allow of the jaw being freely moved backwards and 
forwards, like the motion of a carpenter using his 
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plane. These incisors, moreover, are guarded by a 
plate of enamel only on their anterior convex surfaces, 
so that by the wearing down of the ivory behind this 
plate, a wedge-like form, of which the enamel consti- 
tutes the fine-cutting edge, is speedily given to the 
tooth, and is constantly retained. The incisors being 
implements of constant use, are renewed by perpetual 
growth, and there is a special provision for their support 
in a bent socket. The molar teeth have surfaces irre- 
gularly marked with raised zig-zag lines, rendering 
them perfect instruments of trituration. 

_ Type or THE Carnivora.—The student has only to 
select a type of the various orders, in order to exem- 
plify not only the dental apparatus and mode of sub- 
sistence, but also the habits, and, it may be said, 
the moral characteristics of each distinct tribe. To 
commence, for instance, with the carnivora; we have 
only to direct our attention to so common and fa- 
miliar an object as the cat, to recognise the exemplifi- 
cation of all the characters which we have described 
above. The teeth are sharp, and covered with ena- 
mel; the jaws have a hinge-like joint, and close flat, 
like a pair of shears, so as to cut all that comes be- 
tween them. Pursuing the inquiry, we find that the 
other parts of the animal frame are in unison with 
its dental structure: for instance, that the vertebree 
of the neck have sufficient power not only to bear off 
the little mouse, its prey, but even the more delicate 
burden of its own young. Its fore-feet are armed with 
claws fitted to seize and tear the flesh of its victim, 
while its hind-limbs are endowed with swiftness to 
pursue and overtake its object. And ascending from 
the mere mechanical structure to the instincts and 
propensities of the animal, we find these to be perfectly 
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accordant with its physical frame. We observe that 
it is cunning and artful, and prone to hide itself and lay 
wait for its victim; it is, moreover, cruel and ferocious, or 
it would spare the prey on which it is destined to subsist. 

Or THE HERBIvoRA.—If, on the other hand, we direct 
our attention to the herbivora, and select, as an equally 
familiar instance, the ox, we remark a striking contrast, 
both as regards the physical structure and moral in- 
stincts and qualities of the animal. The teeth, instead 
of being sharp and cutting, are flat and broad; and, in 
place of being covered with enamel, are composed of 
vertical layers of that substance, alternating with depo- 
sits of bony matter, so as to produce that rough and 
grinding surface which we have before mentioned, as 
best adapted for the trituration of vegetable matter. 
The jaw articulates with the skull, so as to allow 
of that rotatory, grinding motion already described, 
as best calculated to give efficiency to such a dental 
apparatus, for the purpose of reducing to a digestible 
state the vegetable substances which form the food of 
the animal, and thus promoting its health and well- 
being. Again, we perceive that the fore-feet, instead of 
being armed with claws, terminate in a hoof, while we 
observe no peculiar swiftness, or power of leaping, in the 
hinder limb, for the purposes of pursuit; no especial 
cunning or instinct, for entrapping, or catching its prey ; 
no provision for strength in the vertebree of the neck for 
carrying it off; no cruelty or ferocity; but its physical 
structure and its moral instincts and propensities are 
found to be in perfect harmony with each other. 

Or tHE Ropent1a.—Or, if we devote the same atten- 
tion to the rodentia, we find the teeth to be of the 
structure previously detailed; the incisors sharp, cut- 
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ting, and shaped like a chisel, while the mechanism of 
the jaw is such as to allow the motion, backward and 
forward, already pointed out, and we have but to watch 
a rabbit, while eating and nibbling its food, to observe 
all the peculiarities already described. 

The laws of nature, as the student is, of course, 
already aware, though plain and simple, are prevalent 
and extensive, and we have only to extend our views 
to the tropical climate and productions of the ancient 
earth; in short, to transform our cats into tigers and 
hyenas; and our oxen into elephants and mastodons ; 
to realize the structures and habits of the carnivorous 
and herbivorous tribes of the primeval time. 

In the larger herbivorous animals, whose teeth are 
of more complete structure, we discover, in addition to 
the enamel and the ivory, a third material, which unites 
the vertical plates of those substances, and performs the 
office of an external cement. It<bears the name of 
crusta petrosa, and resembles ivory in its texture, and 
its extreme hardness, but is usually more opaque and 
yellow than that object. The three substances are 
‘exhibited in the teeth of the elephant, but they are 
differently disposed, both in the two existing and the 
extinct species, as shown in the accompanying figures. 
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FIG. 182.—Teeth of Elephants. 
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In the African species, a, the enamel forms a series 
of lozenge-shaped lines. In the Asiatic variety, }, 
it constitutes a succession of narrow transverse bands, 
having the ivory in each case on their interior, and 
the crusta petrosa on their outer side, which latter sub- 
stance also composes the whole circumference of the 
section. It will thus be seen, that the teeth of the 
extinct elephant, c, bore a much greater resemblance to 
those of the Asiatic than of the African variety. 

We subjoin a figure, representing the skeleton of the 
celebrated elephant from the ice, which was discovered 
in the banks of a river in Siberia, in which it had been 
frozen up for ages. The animal was found with its 
flesh, even to the ear and capsule of the eye itself, in 
a fresh and perfect state ; the skeleton, which is placed 
in the museum at St. Petersburg, is fifteen feet long, 
and nine feet high. 


FIG. 183.—Elephas primigenius. 


Tue Mastopon.—The name of the mastodon, which is 
eompounded of two Greek words, signifying mammillary 
R 2 
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teeth, is derived from the structure of the tooth, which 
is composed of ivory and enamel only; the enamel, 
which is extremely thick, is spread over the crown of the 
tooth, which, when yet unworn, is divided into two 
transverse elevations, or processes, which are again 
subdivided into two obtuse points. The creature had, 
however, no relation to the carnivora, for the teeth, 
though covered with enamel, are destitute of the 
serrated, cutting edge; in the worn teeth, the protu- 
berances have, evidently, been reduced by the action 
of grinding to the lozenge-shaped appearances which 
they now present, and the skull and jaws alike offer 
characters which identify the animal with the herbivo- 
rous tribes. There are numerous species, differing 
materially in size and other characters, and the great 
mastodon, the largest known variety, is considered to 
have differed from the elephant, merely in being longer 
and thicker, and in the different character of its teeth; 
but to have resembled it in possessing a trunk or 
proboscis, tusks, and four molar teeth in each jaw, 
but no incisors. From the structure of the teeth, 
which are more powerful than those of the elephant, 
it is conceived that while the elephant is known to 
feed on the softer kinds of vegetable substances, the 
mastodon could tear up shrubs, and grind even their 
stems and roots to pulp, by the action of its powerful 
jaws, and enormous teeth. We have already alluded 
to the fact, that the casual resemblance of the teeth 
to those of the human subject, has given rise to the 
fable which prevails in the mythology of all ancient 
nations, of the existence of certain giants, who warred 
against the gods, and being overcome by their celestial 
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opponents, were crushed, and buried by them beneath 
the rocks. 

The British Museum contains a splendid series of 
teeth, together with several magnificent skulls, chiefly 
from the Himalayeh mountains of Hindostan; Ohio; 
other districts of the United States, and various parts of 
the continent of Europe. | 

Tue MissouriuM, or TETRACAULODON.—A specimen 
having recently been exhibited at the Egyptian Hall, Pic- 
cadilly, under the above names, together with a collec- 
tion of mastodontoid remains collected by Mr. Koch, 
chiefly in the state of Missouri, North America, Professor 
Owen read a memoir descriptive of its character at the 
meeting of the Geological Society, February 238, 1842, 
the substance of which may be stated as follows :—After 
observing that the specimen was one of the finest ever 
discovered, and worthy the place of honour in any 
national museum, he proceeded to describe its structure 
and to ascertain its real position in the animal kingdom. 
He remarked that the bones, from the want of a correct 
knowledge of its osteology, were placed in an unnatural 
state of collocation; from which circumstance, both its 
height and length were greatly exaggerated, and he stated 
its correct dimensions to be about ten feet in height, and 
about sixteen in length. The two tusks of the upper jaw, 
which are placed extending in a horizontal direction, he 
described as occupying an undue position, and observed 
that they ought unquestionably to be curved upwards; 
the fact that. one of them was found presenting the hori- 
zontal posture being of no importance, since the mode 
of insertion is such as to allow the tusk to rotate in any 
direction. Addressing his attention next to the generic 
appellation, tetracaulodon, he denied the existence of 
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such a genus, as established by an American savant, Dr. 
Godman, and described the facts to be as follows :— 
The young mastodon, he stated, possessed four tasks, 
two in the upper, and two in the lower jaw. The two 
in the upper jaw remained through life, in both sexes, 
but in the female, the two in the lower jaw both de- 
cayed and fell out, as the animal grew up, the sockets 
becoming obliterated altogether ; while in the male, the 
left one only perished, and the right remained ; acircum- 
stance, he added, which ought to have suggested the 
name tricaulodon, rather than tetracaulodon, as better 
descriptive of the supposed new genus. In conclusion, 
from its osteological structure and general characters 
he had no hesitation in declaring it to be no new ani- 
mal, but a very fine specimen of a species of mastodon, 
already known, and described and figured by Cuvier, 
as the mastodon giganteum. On the other hand, Dr, 
Grant, in a memoir, read before the Geological Society, 
June 1st of the same year, maintains a contrary opinion, 
and contends for the correctness of the genus fetracau- 
‘lodon established by Dr. Godman, founding his con- 
clusions chiefly on the dental characters of the specimen 
as contrasted with those of the mastodon. He con- 
siders that the teeth were of greater length, and conse- 
quently, that the jaw was more elongated; while the 
tusks and their alveoli presented characters, in his opinion 
sufficiently distinctive, to establish the legitimacy of the 
new genus. 

As the skeleton, together with the entire collection 
formed by its indefatigable collector, Mr. Koch, has been 
purchased by the Trustees of the British Museum, and 
is about to be exhibited in the fossil department of that 
establishment, it will be rendered more accessible to 
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examination, and its true character will doubtless 
spéedily be ascertained. The accompanying wood en- 
graving depicts the animal as exhibited, 
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FIG, 184.—The Missourium. 


while the following figure displays the appearance it 
would present, if deprived of its tusks, and appearing 
as the mastodon giganteum. 


FIG, 185.—The Mastodon giganteum. 


THE Dg1noTHERIUM.—This, which is formed of two: 
Greek words, meaning a terrible wild beast, is the in- 
judicious and unphilosophical appellation bestowed on 
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an animal whose teeth resemble those of the tapir. 
It is conceived to have been related to the hippopdta- 
mus, and to have constituted a connecting link between 
the pachydermata, and the cetacea. Its most striking 
peculiarity consists in the existence of two enormous 
tusks, which are fixed in the lower jaw in a downward 
direction, as those of the walrus are in the upper. 
It is conceived that the creature had a proboscis, or 
trunk. A difference of opinion has prevailed with re- 
gard to the tusks, and while some naturalists have con- 
ceived that they were intended for digging the ground, 
and rooting up the vegetables on which the animal fed ; 
others, with more probability, contend, from their un- 
worn state, that they were never used for the purpose 
of disturbing the soil, but, like those of the elephant, 
were intended solely for defence. 


FIG. 186.—The Deinotherium, restored; from Dr. Buckland’s Bridge- 
water Treatise. 


Tue Mecatuerium. — This is another unmeaning 
ename which, signifying only a great wild beast, is be- 
stowed on a colossal creature of the sloth tribe, whose 
remains have as yet been discovered only in South 
America. For more ample details, the student is re- 
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ferred to Dr. Buckland’s Bridgewater Treatise; it may 
be sufficient here to state that the creature was about 
nine feet long, and seven feet high, while its bulk was 
colossal, the thigh bone being three times the circum- 
ference of that of the elephant, and the pelvis twice the 
breadth. It had no incisor teeth, and the molars, which 
are seven inches long, are prismatic in form, composed, 
like those of the elephant, of ivory enamel, and crusta 
petrosa, and are so shaped as always to present two 
cutting, wedge-shaped, salient angles, a structure pecu- 
liarly adapted for cutting and triturating vegetable sub- 
stances. A skeleton of the animal exists at Madrid; a 
considerable portion of its osteology discovered in South 
America, by Sir Woodbine Parish, is placed in the Col- 
lege of Surgeons; and a model of these last remains 
is exhibited in the British Museum. 


FIG. 187.—The Megatherium. 


The megatherium was formerly conceived to have 
possessed a coat of bony armour, but Professor Owen 
has satisfactorily shown that the cuirass or covering 
could not have belonged to this animal, but -that it 
appertained to one of a smaller size, a kind of large 
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armadillo, to which, from the fluted or sculptured cha- 
racter of its teeth, he has given the name of glyptodon.* 

Tue Megcatonyx, (or great-clawed animal, as its 
name imports,) has been discovered in North America. 
It is of analogous structure and character to the mega- 
therium—both are referred to the sloth tribes, and are 
considered to be intermediate between the sloths, arma- 
dillos, and ant-eaters. 

Tue Meeacenros, or Fossit Euk oF IneLanp.— We 
subjoin a figure of this animal, whose remains are 
largely found in the sister kingdom, and have also been 
discovered in various parts of England. An entire 
skeleton recently discovered in the vicinity of Limerick 
has been purchased by the Trustees of the British 
Museum, and is now about to be exhibited in the fossil 
department of that establishment. 


FIG. 188.—Megaceros, or Fossil Elk. 


® See Trans. Geol. Soc. vol. vi. p. 81. 
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As the latest addition to our stores of palzontological 
knowledge, we would mention that Professor Owen has 
recently received from New Zealand, the bones of a 
colossal bird allied to the ostrich, which he considers 
to have been eleven feet in height. These remains 
were discovered in the alluvial deposits of that country. 
The professor assigns the provisional name of deinornis 
to this gigantic individual of the feathered tribes. 

FossinrrERous Caverns. — The most celebated in- 
stances of these on the Continent, are the Caves of Gay- 
lenreuth, and Forster’s Hohle, in Bavaria, together with 
similar caverns in the South of France, North America, 
Australia, and various other localities, In this country the 
Cave of Kirkdale, in Yorkshire, and Kent's Cave, near 
Torquay, Devon, are the most celebrated. In general 
they contain the bones and teeth of bears, tigers, hyenas, 
and other carnivora; and of elephants, mastodons, and 
various herbivora on which they preyed; the organic 
remains being usually embedded in a deposit of stalag- 
mite which forms the flooring of the cave. The Cave 
of Kirkdale is considered by Dr. Buckland to have 
been, in a peculiar degree, the resort of hyenas, not 
only from the quantity of their bones, and other exu- 
vie there discovered, but from the remains of the her- 
bivorous tribes occurring with them, as the elephant, 
mastodon, ox, horse, &c., &c., it being the habit of that 
animal in those countries of which it now is a native, to 
feed on the bodies of dead animals, which it drags into 
caves and recesses to devour. For more ample details, 
the reader is referred tothe work of M. Marcel de 
Serres, on Caverns, and to ‘Dr. Buckland’s Reliquiz 
Diluviane. 
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We subjoin figures of the teeth of several of the 
mammalia, for the guidance of the student. 
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FIG. 189.—Elephas primigenius, or mammoth, from Brighton Cliffs. Molar 
of lower jaw, right side, one third of natural size. 


P!G. 190.—Mastodon ohioticus. Molar tooth, one-fourth of natural size. 
Collection of the author. 
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FIG. 191.—Deinotherium, Cuvier, 


FIG. 192.—Rhinoceros, from FIG. 193.—Hippopotamus, molar, 
fresh-water tertiary strata; lower jaw. Collection of British 
molar, lower jaw. Collec. Museum. 


tion of British Museum. 


FIG. 194.—Recent Elk, stinding 


PIG. 195.—Horse, from Brighton 
surface of molar, upper jaw, Cliffs, second molar, lower jaw. 


Author’s Collection. 
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TeetH or Reptiies.—The teeth of reptiles present 
a different structure and arrangement from those of 
mammalia. As several of them do not masticate their 
food, but gorge it entire, as is the case, in fact, with 
all the serpent tribes, their teeth are less expressly 
formed for the purpose of mastication, but are slight 
and small in size, usually of conical shape, and marked 
with vertical striee ; and as, from their fragile nature, 
they are liable to break, or to be worn out, provision 
is made for their substitution, by a succession of fresh 
teeth, formed within the old. Thus, in the crocodile, 
which may be assumed as the type, the teeth are sharp- 
pointed, hollow cones, composed of ivory and enamel, 
and are renewed by the new tooth being formed in the 
cavity of that which is to be replaced. As the new tooth, 
a, increases in size, it presses against the base of the old 
one, b, and, entering its cavity, acquires the same conical 
form: so that when the old tooth is shed, the new one 
is ready to supply its place. 


FIG. 196.—a, the new tooth; 6, the old; c, the jaw. 


The student is referred to succeeding figures and 
descriptions, for a delineation of other portions of the 
structure of various reptiles. Thus, the vertebre of 
the ichthyosaurus and plesiosaurus, which are ex- 
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tremely abundant, and are frequently found in the 
same deposits, may readily be distinguished by the 
more concave character of the former. As this conca- 
vity of form is a character approximating to the type 
of fish, the creature has hence received the name of 
ichthyosaurus, a term which imports that It was more 
a fish than a lizard; while that of plesiosaurus, indi- 
cates an animal which was more a lizard than a fish; 
the vertebrze of the latter being more elongated, and 
presenting a nearer approach to the lizard type. 

The foregoing observations are, obviously, of the most 
general character, and we would refer the student who 
is desirous of farther information, to the following 
authorities, among others, viz.: the entire works of. 
Cuvier, more especially his Régne Animal, his Lecons 
d’ Anatomie Comparative, and his Ossements Fossiles, 
together with the writings of Dr. Mantell, particularly 
his Fossils of Tilgate Forest, and his Geology of the 
South East of England; as well as to the various papers 
and monographs of Professor Owen, in particular his 
Memoir on the Plesiosaurus macrocephalus, in the pos- 
session of the Earl of Enniskillen ;* his Report on Fossil 
Reptiles, to the British Association of Science, and his 
splendid work on Odontography, now in course of pub- 
lication. The writings of Dr. Grant on the same sub- 
ject are similarly instructive. 

IcutHryotocy.—The fossil fish form a highly interest- 
ing department of geological inquiry; the most im- 
portant collections of these objects are, the general 
assemblage formed by the Earl of Enniskillen and Sir 
Philip Egerton, which has been selected from various 


* Geological Transactions, vol. v. p. 515. 
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deposits, and that exhumed by Dr. Mantell, from the 
chalk. ; 

As objects so fragile and perishable as fish seldom 
present the entire form, or general characters, for in- 
spection, but occur, chiefly, in a fragmentary state, 
Professor Agassiz has classified the fossil fish in four 
orders, by an arrangement founded on the character of 
their scales—a method which has now been universally 
_ adopted. 

J. The first of these comprises those of the placoid 
order, so termed from maf, a broad plate, from having 
the skin irregularly covered with plates of enamel, 
sometimes large, sometimes reduced to small points, as 
in the stars and rays. 


FIG. 197. 


II. The second consists of the “ganoid order, so 
called from yavos, splendour, because they are covered 
regularly with angular scales, composed of horny or 
bony plates, coated externally with a bright enamel. 


FIG. 198. 
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III. The third, or ctenoid order, from «res, a comb, 
includes such as are characterised by scales, jagged, or 
pectinated on the posterior margin, as in the perch. 


FIG. 199. 


IV. The fourth order, that of cycloid fishes, from 
xukXos, a circle, have scales smooth and simple on the 
margin, and often ornamented with various figures on 
their upper surface. The herring and the salmon are 


examples. 


FIG. 200. 


In these two latter orders, the scales are composed of 
lamine of bone or horn, and are destitute of enamel. 
To the ctenoid and cycloid orders belong three-fourths 
of the eight thousand living species of fish. These 
orders first appear during the cretaceous period ; nearly 
two-thirds of the species belong to extinct genera, and 
none are identical with those of any other system, 
either more ancient or more recent. 

TritoBitEs.—These are a family of the order of 
crustacea, which became extinct at the close of the 
carboniferous epoch, no traces of their existence being 
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discernible in rocks of later date. They appear to have 
been extremely numerous during the comparatively 
brief period of their existence, twelve genera, and more 
than sixty species, having been established. In form 
they are divided, as their name imports, into three 
lobes, or parts; though in one genus, named by C. 
Konig, Esq., of the British Museum,* homalonotus, or 
smooth-backed, the two furrows which form the lobes 
are almost entirely obliterated, and the surface is nearly 
smooth. They present a great variety of form; and 
while some species could coil themselves up like a ball, 
as the calymene Blumenbachii, others had the central 
portion alone moveable, as the asaphus tuberculatus, 
and others possessed a tail, as the asaphus caudatus. 
They were remarkable for the absence of antenne ; and 
their feet, or paddles, are conceived to have been soft 
and perishable, from the fact that no remains of these 
organs have been discovered in a fossil state. But 
their most remarkable feature was the eye, which was 
immovable and fixed; while this apparent deficiency 
was compensated by an arrangement similar to that by 
which the fixed and sessile eyes of certain insects, us 
the house-fly, dragon-fly, and butterfly, are furnished 
with several thousand visual tubes. The eye of the 


* The writer cannot refrain from usurping a permission, which he 
feels assured would never have been granted, that of recording, with 
the name of this gentleman, his private worth, as well as the assistance 
which he has rendered to science. His merits and attainments in the 
several departments of mineralogy, botany, conchology, and palseonto- 
logy, are known and appreciated by the whole scientific public, It 
remains for one who has been for some years his assistant, to bear tes- 
timony to the honourable character, unswerving integrity, and digni- 
fied and generous feelings of the man. 
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trilobite was provided with many hundred lenses of this 
kind; and Dr. Buckland has availed himself of this 
interesting fact, in his Bridgewater Treatise, as affording 
an additional proof of design in the works of creation. 
The engraving below, from the admirable work of Dr. 
Buckland, will afford an idea of this singular structure. 


FIG. 201.—Eye of the Trilobite. 


They chiefly occur in the Silurian deposits; and the 
reader is referred to a subsequent chapter, for the figure 
of a species characteristic of that formation. 

Tue Corats.—We shall here deem it necessary to 
introduce a few remarks descriptive of the corals, both 
because their structure is frequently and commonly 
misunderstood, and because they have ever constituted, 
as is well known, a very important agent in the pro- 
duction of geological deposits. For more ample infor- 
mation, the reader is referred to the works of Lamouroux, 
and of Ellis; while a highly interesting and instructive 
description will be found in Dr. Mantell’s Lecture on 
Corals, in his Wonders of Geology. 

We occasionally hear persons who have not paid due 
. attention to the subject, speaking of the labours of the 
coral insect, of the creature constructing its cells, and 
so forth, as if these operations were analogous to those 
of the bee building its cells; though there is, in fact, 
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no analogy between them; for, while the bee forms its 
structures for the purpose of storing its honey, the coral 
is an integral part of the animal, representing, in fact, 
its osteology, and being to the coral insect what the 
human skeleton is to our own frame. The economy 
of the coral is in general terms as follows :—The 
parent-mass, either by a division of its own substance, 
or by throwing out a gemmule or bud from its side, 
or some other portion of its frame, produces a small 
and infant-mass of gelatinous substance, studded with 
apertures, inhabited by polypes, or worms; which 
speedily attaches itself to a portion of coral, or rock, 
on which it grows, and becomes permanently affixed. 
The polypes obtain their food by the action of the cilia, 
or hair-like vibratile processes, with which they are 
furnished, and which, by their continual movement, 
bring within reach of the central mouth of the polype, 
fresh currents of water, charged with the animalcules 
on which the polypes exist. The minute mass gra- 
dually secretes an internal nucleus or skeleton of cal- 
careous matter, and having, during its existence, given 
birth to other and similar colonies of polypes, the 
animal portion dies, and the gelatinous matter, with 
its families of polypes or worms, perishes, but the 
stony skeleton is left to form, by continual accumu- 
Jations of this nature, those reefs and islands, which 
have ever constituted so important a feature in the 
formation of the varied deposits of our earth. The 
conditions, of course, vary, in the most essential degree, 
in the diversified tribes of this singular class of beings ; 
the skeleton is sometimes internal, or, occasionally, 
external; of the nature of coral, of limestone, of wood, 
or of horn ; sometimes lying as a prostrate mass of rock ; 
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at others, growing as a stem, or branching into the 
most delicate ramifications; these conditions being 
dependent on the situation and mode of existence of 
the various genera; but in all, the same distinctive 
characters are preserved, of a skeleton, or support, and 
a jelly-like mass perforated with apertures, which are 
the abode of worms. 

_ Cora Formations.—While the economy of indi- 
vidual corals has been thus explained and understood, 
numerous difficulties have still prevailed with reference 
to their general operations, in particular we may 
mention the anomaly, that while it is ascertained 
that the coral insect can only exist at a moderate 
distance beneath the waters, coral formations are found 
at very profound depths; while it appears alike diffi- 
cult to account for the circular shape which these 
formations so constantly present. Mr. Darwin has, 
however, suggested a theory, founded on a very attentive 
observation of these objects, which serves to account, in 
a highly satisfactory manner, for all these seemingly 
contradictory phenomena. He assumes, that portions 
of the bed of the ocean, which are the site of the 
coral formations, have been, and still are, subjected 
to gradual submergence and elevation. The difficulty, 
therefore, of finding coral rocks at a greater depth 
than the coral insect could exist is removed by the 
supposition, that as fast as their structures were de- 
posited, they were submerged by the subsidence of 
the ocean-bed on which they were formed. Again, 
the circular form of reefs and islands had been attri- 
buted to the supposition, that they had been con- 
structed on the craters of submarine volcanoes; but, 
as some of these reefs are one hundred and fifty miles in 
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circumference, such a supposition was, of course, out of 
the question. Mr. Darwin, therefore, states, that the dif- 
ferent varieties of the coral formations, whether occur- 
ring as flat, tabular islands ; as fringes investing elevated 
land; as barriers protecting it at a distance, or, lastly, 
as annular reefs, are all referable to the two causes of 
elevation or depression above-mentioned; that where 
on the one hand, elevation has taken place, we have 
an island formed of coral rock, or surrounded by a 
fringe of that substance; that where, on the other, 
depression has occurred, we observe circular reefs, and 
isles of corals, which once girdled the previously ex- 
isting island, now sunk beneath the waters; and, 
lastly, that longitudinal reefs indicate the submergence 
of lines of coast of which these reefs were previously 
the protecting barriers. The foregoing description may 
furnish the beginner with a general outline, and for 
more particular details, he is referred to Mr. Darwin’s 
Journal, in the Voyage of the Beagle.® 

AsTERIADES.—The star-fish is a genus of animals of 
the molluscous order. They have their mouth in the 
centre and placed downwards ; from their bodies five or 
more rays or arms are given off, furnished with numerous 
retractile tentacula. They have the power of repro- 
ducing these rays if destroyed. They are marine, and 
are frequently found fossil. 

CrinoipEA.—The representatives of this tribe of 
creatures are of rare occurrence in our existing seas, 
having now dwindled down to one or two species, though 
the enormous range which they once occupied in the 
oceans of the ancient earth, may be estimated from the 
fact, that the crinoidea already discovered have been 


* See also Proceedings of the Geological Society, No. 51, p. 552. 
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arranged in four divisions, comprising nine genera, most 
of them containing several species. They are placed by 
Cuvier, after the asteriades, or star-fish, in the division 
of zoophytes. Their skeleton is composed of numerous 
ossicula, the number of bones in one skeleton being 
computed at thirty thousand! The chief authority on 
their nature and structure is Mr. Miller, who, in his 
History of the Crinoidea, thus defines them. An animal 
with a round, oval, or angular column, composed of 
numerous articulating joints, supporting, at its summit, 
a series of plates, or joints, which form a cup-like 
body, containing the viscera, from the upper rim of 
which proceed five articulated arms, divided into ten- 
taculated fingers, more or less numerous, surrounding 
the aperture of the mouth, situated in the centre of a 
plated integument, which extends over the abdominal 
cavity, and is capable of being contracted into a conical 
or proboscal shape. The column is conceived to have 
been covered with a coriaceous, or leather-like, integu- 
ment. They resemble, in short, a star-fish, with a long 
flexible column attached at its base to arock. The 
detached ossicula occur in myriads in the mountain 
limestone, and other of the lower secondary rocks, 
forming successions of strata many feet in thickness, 
and many miles in extent, showing how largely the 
bodies of this peculiar tribe of animals must have 
contributed to increase the mass of materials composing 
the crust of the earth. The accompanying figure de- 
picts the pelvis and part of the stem of a species of 
crinoidea, frequently occurring in the muschel-kalk; a 
deposit appertaining to the new red sandstone formation, 
which, though not occurring in this country, is largely 
developed in Germany. 
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FIG. 202.—Encrinites moniliformis. 

Ecwin1.—These creatures are included in the order 
echinodermata, being covered with a thick coriaceous, or 
leather-like skin, and are called sea-urchins, or sea- 
eggs. Their shell is composed of polygonal plates, 
fitting closely to each other, and the surface is divided 
vertically by bands, having double rows of perforations, 
which, from their fancied resemblance to the walks in 
a garden, are termed ambulacra. The shell is studded 
over with papilla, which vary in size in the different 
species, from mere minute points, to large distinct 
tubercles. To these papillz spines are attached, whence 
the name echinus, or hedgehog, from their resemblance 
to the spines which cover that creature: these serve 
for purposes of locomotion, and present great variety 
of form and embellishment. They abound in existing 
seas; in a fossil state they occur very numerously in 
the chalk formation, and the reader is referred to the 
chapter which treats of those deposits for engravings 
illustrative of these objects. 
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Srponces.—These form the second lowest class of 
animals between the polypifera, or corals, and the 
infusoria, or microscopic animalcules: their structure 
may be described, in general terms, as follows :—The 
sponge of commerce, or of domestic use, is the skeleton 
or support of the animal portion, which is a gelatinous 
or jelly-like substance, of so tender and perishable a 
nature, that the slightest touch is sufficient to tear it 
asunder, to allow the fluid parts to escape, and reduce it 
to a thin oily liquid. The surface of a living sponge 
presents two kinds of orifices, the larger, of a rounded 
shape with raised margins, which form projecting 
papillze ; the smaller, minute and numerous, constituting 
the pores of the sponge. The water enters through 
these pores, which are provided with a gelatinous net- 
work, and projecting spicula to protect them from the 
larger animalcules and floating particles of extraneous 
matter; the larger canals are thus incessantly traversed 
by streams of water, passing inwards through the pores, 
and discharged through the larger orifices, or vents, but 
no polypi, or cilia, have been discovered in these parts ; 
though, judging from the analogy of corals and other 
zoophytes, we might consider them necessary and likely 
to occur. 

Tue Inrusoria.—As these animalcular beings are 
not only objects of exceeding interest, as regards their 
organization and structure, but as: their mineralized 
skeletons have contributed, in various instances, to 
form the solid strata of the earth, we shall here intro- 
duce some account of their nature. If we place a drop 
of any decayed infusion of animal or vegetable matter 
under the microscope, we discover in it various forms 
of living beings, some of a rounded, some of a length- 

S 


886 INFUSORIA. 


ened shape; and some, as those of the genus proteus, 
exhibiting ramifications shooting out in all directions, 
with such variety and swiftness, as to render it difficult, 
if not impossible, to determine their exact form. As 
they are the most minute forms of life with which we 
are yet acquainted, they were heretofore conceived to 
be lowest in organization, and to be destitute of 
either mouth or stomach. Professor Ehrenberg, how- 
ever, who has devoted the utmost care and per- 
severance to their investigation, and has published 
the results in his splendid work Die Infusions-thier- 
chen, has ascertained that these creatures, which 
were previously considered to be scarcely organized at 
all, possess an internal structure resembling that of the 
higher animals. He has discovered in them not only 
a mouth and stomach, and, in many instances, numer- 
ous stomachs, but also muscles, intestines, teeth, differ- 
ent kinds of glands, eyes, nerves, and sexual organs 
of reproduction. He has ascertained that some are 
born alive, others produced by egys, and some multi- 
plied by spontaneous divisions of their bodies into two 
or more animals. Their powers of reproduction, he 
states, are so great, that from one individual a million 
were produced in ten days, on the eleventh day four 
millions, and on the twelfth sixteen millions. In his 
work above mentioned. more than five hundred species 
are figured and described, and he has found them in 
fog, in rain, and in snow. Their connexion with 
geology, and the strata which their mineralized struc- 
tures have contributed to form, will be described in a 
succeeding chapter. 
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EX ERCISES 


ON PALZONTOLOGY. 


1. Copy the abridgment of Cuvier’s arrangement of 
the animal kingdom, and impress its leading features on 
the recollection. | 

2. Describe the structure of the teeth and jaws of the 
carnivora, herbivora, and rodentia, and give. typical 
exainples of each. 

8. State, in like manner, the distinctive characters of 
the teeth of reptiles, with similar illustrations. 

4. Mention the most remarkable fossil animals of the 
mammalian class, named in the foregoing chapter. Give 
the derivation of their names, and their distinctions of 
form, structure, habit, &c., &c. 

5. Mention the geological deposits in which the most 
remarkable specimens have been discovered. 

6. Name in what system of strata the remains of mam- 
malia first occur; mention if there be any exceptions to 
this rule, and of what nature. (Turn for this object to 
the chapter on the oolite formation. ) 

7. In what systems of deposits do reptile forms of 
existence chiefly occur? Name the most remarkable 
examples of these, with their structure, character, pre- 
sumed habits, &c. 

8. Copy and commit to memory the arrangement of 
fussil fishes, proposed by Professor Agassiz. 

9. Explain the trilobites, with reference to their usual 
form and most striking characteristics. 

10. Detail the general character and habits of corals; 
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ard exciain the anomaly of stony evrais being fuand at 
greater depths than those at which the animal itself is 
at.e to exist. 

M1. Describe the crinnidea, their structure, prescmed 
habits, &c. 

12. State the chief characters of the echini and aste- 
riades, 

13. Explain the nature of sponzes. 

14. Mention the irfussria urtder their various re- 
lations. 


CHAPTER X. 


GENERAL DIRECTIONS FOR THE &TUDY OF THE SCIENCES PREVIOUSLY 
DESCRIBED. 


As we have now detailed those pursuits which are of 
essential value and assistance to the geologist, we will 
next offer a few observations as to the most useful and 
beneficial mode of applying them to the practical study 
and acquirement of geological knowledge. 

GENERAL RvuLes For THE Stupy or GEoLocy.— 
The science is so essentially one of speculation, its 
sphere of research is so decidedly the past and the dis- 
tant, the remote and the unknown, that it becomes 
scarcely possible to prescribe the mode in which its 
inquiries should be conducted, comprising, as they also 
do, subjects of the most different and dissimilar kinds, 
and demanding correspondingly varied and diversified 
modes of purauing them. The following rules may, 
however, be found to afford some assistance. While, 
on the one hand, the good sense and mental discipline 
of the student will instinctively induce him to reject 
such speculations as are absurd in principle and im- 
practicable in operation; on the other, he will not be 
disposed to reject a theory because it may not, at first 
sight, coincide with his preconceived opinions. The 
maxim that le vrai n'est pas toujours le vraisemblable is one 
which is frequently realized in physical science ; and in 
geological researches it often occurs, that of two hypo- 
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theses proposed for the solution of any given question, 
that which, at first sight, appears the least probable 
proves, on farther investigation, to be true; the fact 
being, not that nature deals in prodigies or miracles, 
but that our own minds are too accustomed to super- 
ficial inquiries and common-place observations, to be 
enabled to appreciate the depth of her causes, the mag- 
nificence of her operations, and the grandeur of her 
results. It will farther be found desirable ever. to 
keep in view those leading general principles which all 
agree to value, yet all so commonly concur to neglect. 
Thus, it is expedient at all times to avoid hasty generali- 
zations and universal conclusions, founded only on 
single and isolated phenomena; it is far wiser to be 
eontent for a time with collecting facts, and when a 
sufficient amount of well-authenticated data has been 
accumulated, to pronounce the decision in favour of 
that hypothesis which possesses the weight of evidence 
in its favour. It should ever be borne in mind, that, 
while in the school of nature, we are all learners, no 
one is a master; and that the object of all should be 
rather to acquire knowledge on those points of which we 
are ignorant, than to dispense imperfect intelligence on 
subjects respecting which we are only halfinformed. For 
instance, no testimony is more deceptive than that which 
is called negative evidence, and which is too often only 
the name for ignorance or want of observation. The 
student is, of course, aware that this phrase describes 
the assumption, that because certain phenomena have 
not occurred to our observation, they have, there- 
fore, never had existence ; the fact being, that they may 
have escaped our own researches, to reward those of 
others more energetic, or more successful than ourselves. 


STUDY OF THE ASSOCIATE SCIENCES. 391 


“Thus, certain genera of molluscs, of which the conus is 
one, were, up to a recent period, conceived to be con- 
fined to the tertiary deposits; but more recent investi- 
gations have detected this latter form of life, extending 
as deep and as early as the lias; while, on the other 
hand, an ancient form of shell, the spirifer, was conceived 
to have become extinct with the lias, its only repre- 
sentative in that formation being the s. Walcotti: ; 
but a personal friend of the author, Mr. Buckman, of 
Cheltenham, has discovered several new and undescribed 
species in that formation; thus multiplying and ex- 
tending the boundary of this ancient form of shell. And 
the age of reptiles, a supposition which was doubted and 
denied by the author of a work, as late in date and as 
eminent in authority as one of the Bridgewater Trea- 
tises, is proved, by the discoveries of a Mantell and an 
Owen, to constitute a period comprising the far greater 
portion of the history of the earth. Again; the 
student cannot too strongly impress on his memory the 
great and guiding principles of the science, the immen- 
sity of nature, the magnificence and power of her causes, 
the harmony and certainty of her operations, and the 
splendour of her effects. He should alike be aware of 
the necessity of constantly recurring to first principles, 
and of referring to those studies which form the basis 
of those inquiries to which his attention is directed. 
Thus, in studying mineralogy, he should bear in mind 
those laws of chemistry on which this science is founded, 
and should be anxious to investigate the nature and 
combination of those elementary bodies, the union of 
which constitutes the substance under review. In in- 
vestigating physical geology, he should ever be careful 
to revert to primary principles and original conditions, 
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and should remember, as before stated, among other in- 
stances, that the rocks which it is his object to examine, 
were not always the hard, anyielding substances which 
we behold them now; but that all rock, all stone, 
and whatever now is hard, was once in a very different 
condition—that of sand, of mud, of fluid, or of vapour. 
In studying conchology, he should carefully bear in 
mind the zoological characters of this science, and 
should direct his views from the shells themselves to 
the living inhabitants by whom they were constructed, 
as a cover, shelter and protection. In fossil botany, he 
should revert from the plants of the primeval time to the 
analogous vegetation of the tropics ; and from the struc- 
ture and habits of existing palms, ferns, canes, and bam- 
boos, should study the analogous vegetation of the 
ancient earth. In paleontology, a similar course should 
be pursued; existing laws of animal physiology, 
structure, and habits should be compared with those 
of primeval nature, and the present should be made 
the guide and interpreter to the past. By observing 
the above rules, and by constantly referring to first 
principles, primary causes, and original conditions, his 
progress in sound knowledge will be facilitated and 
assisted in an eminent degree ; and, to borrow the beau- 
tiful image of a distinguished modern philosopher, 
Dugald Stewart, ‘ his career will resemble that of a 
passenger navigating some waveless river, or calm un- 
ruffed sea. His progress may, for a time, be so gra- 
dual, that he may scarcely be aware of making any 
advance at all; but if he looks to the shore, he will find 
that some object which shortly before was in advance, 
he has either already attained, or has left far behind ; 
while fresh objects dawn on his sight, and present new 
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spheres of inquiry and investigation.” And thus he will 
continue to strengthen and invigorate his mental and 
moral powers by their continual use and employment ; 
and imperceptibly, but surely, will increase his know- 
ledge and love of nature, his distrust of himself, and his 
admiration of the divine and ineffable Creator. 

A BRIEF SKETCH oF MopERN GEoLoGIcaL CHANGES. 
—Before we address ourselves to the history of the past, 
we shall direct some attention to that of the present, 
and previously to describing the vicissitudes which the 
earth has evidently undergone in remote periods of its 
existence, we will devote a few pages to the account 
of those changes which have occurred in this country 
during the historical period, and the narrative of which 
is preserved to us by the national records. Our sketch 
will of necessity be brief; for to enumerate the whole of 
those mutations which have taken place during this com- 
paratively brief period of the great history of the past, 
would require a separate and complete treatise. 

We cannot direct our observations to the earth around 
us, without being aware of that metempsychosis of mat- 
ter which forms the primary law of nature; and of that 
universal principle of change which is impressed on all 
created objects, as the condition of their existence. 
Every operation of nature, however familiar or minute, 
the heat and the cold, the moisture and the drought, 
the warmth of summer and the frost of winter, the snow 
and the ice, nay, every drop of rain that falls from the 
atmosphere, performs its share in displacing and renew- 
ing the solid crust of the earth, and contributes its 
allotted portion in carrying on the great work of uni- 
versal metamorphosis and change. Professor Playfair 
was the first geologist of weight and influence in this 
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country, who divided these various agencies into a 
two-fold classification, that of destructive and conser- 
‘vative principles; though, as we have already shown, 
these phenomena were no new discovery of his own, 
but had already been noticed by preceding observers. 
As the most convenient arrangement which we could 
probably adopt, we shall pursue the inquiry chiefly in re- 
lation to the two causes under which he has arranged it. 

As mentioned in a preceding chapter, the phenomena 
of nature had early engaged the attention of philoso- 
phic observers, and the enumeration of Ovid (see 
page 34) comprises the chief agencies in operation at 
this moment; such as the change of land to sea, and 
sea to dry land; the excavation of valleys; the destruc- 
tion of hills, and the transfer of their materials to the 
sea; the transition of dry ground to marshes, and the 
reverse ; the occurrence of earthquakes, and the phe- 
nomena they produce; the uniting islands with main- 
lands, the insulation of peninsulas, and in general 
those instances of change which characterize the vary- 
ing condition of the crust of our globe. The laws of 
nature are of course as permanent as they are powerful, 
and the causes above described are as active and in- 
fluential at present as they were twenty centuries 
ago, when the description was written. The sea, as 
a matter of course, is a powerful and active agent of 
destruction ; and the shores of our native island from 
its most northern to its most southern points—from 
the primary deposits of the Isles of Shetland to the 
chalk cliffs and tertiary strata of Sussex and Kent, and 
thence to the Land’s End and the western coasts, pre- 
sent the most extensive and fearful proofs of its power 
of devastation. We find, in every instance, that lofty 
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cliffs, promontories, and precipices, are in a state of 
destructioo, which is more or less rapid, in proportion 
to the more or less hard and crystalline character of the 
materials which compose them, and their relative power 
to resist the abrading force. The prevalence of currents 
constitutes a local cause which, in like manner, modifies 
the devastating power of the ocean. At the same time, 
bays and gulfs are prone to fill up from the accumulation 
of the detritus worn away from the neighbouring cliffs, 
so that depths continually vary, and the bed of the sea 
is liable to constant change of level and of depth. Com- 
mencing with the shores of Orkney and Shetland, we 
observe the effects of the waves on the primary forma- 
tions of those distant isles; and proceeding to the main- 
land, we notice like traces of devastation along the 
eastern coast of Scotland, where tracts of land, villages, 
and towns, are recorded to have been swept away by 
the sea. On passing the English border, we find the coasts 
of Northumberland and Durham to present similar 
marks of destruction, which are recorded in the historical 
descriptions of these districts. On the shores of York- 
shire, the same scene of devastation presents itself; se- 
veral villages have been lost, of which, in some cases, a 
mere vestige, in others the name only remains, the 
amount of denudation depending largely on the nature 
of the cliffs, and their greater or less capability to 
resist the waves. Thus at Bridlington, the cliffs of 
which are largely composed of alluvial deposits resting 
on chalk, a great portion of the quay has been swept 
off, and the remainder only waits the slow effect of 
time to share the same fate. Among other places the 
town and port of Ravenspur, at which Henry IV. 
landed on his enterprise of dethroning Richard II., now 
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exists only in the historical records ofthat event. The 
coasts of Lincolnshire are chiefly low, and are protected 
by embankments, the destruction of which by inunda- 
tions, and the consequent incursions of the sea, have at 
various periods occasioned the most disastrous results. 
Tracts of this fenny district having been embanked and 
drained by the Romans, were lost after the departure of 
that people by the neglect of the embankments, and the 
consequent inroad of the ocean; and the recovery of 
these by draining has constituted a highly successful 
enterprise in modern times. A plan is now in contem- 
plation for draining a portion of the Wash, as it is 
called, lying between the counties of Lincoln and Nor- 
folk, by means of uniting the rivers Ouse, Nene, 
Witham, and Welland, into one broad channel in the 
centre of the Wash. The land which it is proposed 
to reclaim will equal in size a whole shire, and 
under the name of Victoria county, by its triumph 
over nature, and its accession to our national resources, 
will admirably commemorate the reign of that sovereign 
whose name it is destined to bear. The coasts of 
Norfolk and Suffolk, being composed of materials less 
capable of affording resistance than the harder sub- 
stances of the more northern shores, exhibit a more 
striking example of the destructive powers of nature in 
the waste of the cliffs; while the deposit of bars and 
sand-banks, which are composed of the detritus thus 
produced, and which in many cases act as barriers to 
the sea, and prevent its farther encroachments, affords an 
equally obvious instance of the conservative principle 
already mentioned. While on the one hand tracts of 
land, manors, and villages, together with the old town 
of Cromer and of Dunwich, have been swallowed up by 
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the ocean; on the other, various districts have been won 
from the deep; and history and tradition record the fact, 
that the sea once extended up to Norwich, on an arm of 
which, it is recorded in Saxon manuscripts to have been 
situated, while ancient cliffs exist far inland which prove 
that the sea has receded still more considerably from its 
ancient limits. Extensive devastation is observed along 
the coast of Essex, which is largely composed of strata 
appertaining to the London clay formation; and the town 
of Harwich, which is stated to be the representative of 
a more ancient town, called Orwell, submerged beneath 
the deep, is in inevitable danger of sharing the fate of 
its predecessor by the same cause, the inroads of the 
ocean. The-coasts which surround the estuary of the 
Thames, present like examples of the countervailing 
destruction and restoration of land. While the cliffs 
of the Isle of Sheppy, which consist solely of London 
clay, are constantly wearing away; so that in another 
half century, the island itself, it is conceived, will cease 
to exist; the channel which separated the then Isle of 
Thanet from the main land of Kent, has shoaled up so 
as to form marsh lands which now unite the two. 

The Goodwin sands are reported by a well-known 
tradition to have constituted the estates of Earl Good- 
win, which were submerged beneath the waves; and 
tradition, it may be observed, usually has some foun- 
dation in fact. Pursuing the inquiry along the coast of 
Kent, we find the work of devastation still continued, 
and the firmer cliffs of the chalk are undermined and 
destroyed as surely, though, doubtless, somewhat more 
slowly, than the more yielding strata of the London 
clay formation. The cliffs of Dovor are thus sapped, 
and considerable falls take place after any severe frost ; 
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while at Folkstone, the same accidents are produced in 
a manner analogous to that which takes place at the 
back of the Isle of Wight, in strata of the same geolo- 
gical formation, and which has given rise to the cele- 
brated Undercliff of that picturesque and instructive 
island. The chalk at Folkstone (in the Isle of Wight it 
is usually the green-sand) rests on the galt, or blue 
clay, and the water which penetrates through the chalk 
strata so moistens and lubricates the clay, as to occasion 
the overlying mass to slide down the inclined plane of 
the subjacent deposit, and thus to produce falls of 
enormous extent and importance. Along the coast of 
Kent, ground has alternately been won and lost from the 
sea. The cliffs of Hastings have suffered considerable 
destruction ; as also those of the promontory of Beachy 
Head, where an enormous mass, three hundred feet in 
length, and thirty in breadth, was precipitated, some 
thirty years since, and similar falls have since repeatedly 
occurred, The chalk cliffs along the coast have under- 
gone like abrasion and disintegration. At Brighton, 
part, though not the whole, of the ancient town was 
situated, in the reign of Elizabeth, under the cliffs, 
on the spot where the chain-pier now extends into the 
sea; and, in the year 1665, twenty-two tenements had 
been ingulfed by the waters, but one hundred and 
thirteen still remained, which were destroyed by the 
great storm of 1705. The waste still continues ; the 
road called the Marine Parade has repeatedly been nar- 
rowed ; a battery formerly stood at the bottom of the New 
Steine, the site of which is now swept away; and the 
writer's father recollects another battery, which was 
erected on the beach at the back of Mahomed's baths, 
and was destroyed by a tempest in 1784. Groins 
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and sloping walls have been erected at a vast expense, 
at the public cost, which form a protection to the town 
itself; but as the cliffs to the eastward waste in a 
rapidly increasing rate, in consequence of the force of 
the ocean being thrown back on them, the probability 
is, that in the slow progress of ages, the town will be 
rendered a peninsula, and the queen of watering places 
terminate her reign in the depths of the ocean, leav- 
ing her then inhabitants to follow the example of 
their ancestors, and erect a new town, farther removed 
from the power of the sea, which in its turn will alike 
be submerged beneath the waves which have destroyed 
its predecessor. Proceeding westward along the Sussex 
coast, we find various instances of land having been in like 
manner ingulfed, and our attention is drawn to the 
circumstance of several large churches, built in the 
immediate vicinity of the sea, which are extremely dis- 

proportioned, as to size, to the scanty population by 
which they are surrounded, and the revenues of 
which are remarkably small, owing to the lands with 
which they were endowed having been swallowed up. 
We have already alluded to the mode ip which the 
cliffs of the Isle of Wight are sapped, and what may 
be called landslips of the cliffs are produced; and 
it may be observed, that the promontories and head- 
lands are usually composed of strata appertaining to 
the chalk formation; while the bays, as Alum Bay, 
Sandown Bay, and others, are hollowed out, either of 
the more destructible substances of the tertiary strata, 
or the equally yielding beds of clay belonging to the 
wealden series of deposits. 

In investigating the western coast, we find the same 
conditions to prevail; the bays and coves are scooped 
out of softer deposits, while the harder rocks, which 
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have withstood the action of the waves, constitute the 
promontories and headlands. These last are in conti- 
nual course of abrasion, their destruction being observed 
to be more rapid in all cases where the substratum, as 
in the cliffs at the back of the Isle of Wight, consists of 
clay, which being lubricated by the rains, causes the 
overlying mass to fall, or rather to slip over the bed 
beneath. Such is the case as regards the peninsulas of 
Portland and Purbeck, and a similar agency is observa- 
ble at Lyme Regis. The great landslip of Dec. 24th, 
1839, which occurred on the coast between Lyme and 
Axminster, was produced under these circumstances, 
the upper-beds consisting of strata belonging to the 
chalk and green-sand formations; the lower being com- 
posed of clay appertaining to the lias. The effect of 
springs existing in the green-sand had previously been 
to loosen the upper beds, and by moistening the clay, 
to produce frequent falls, forming a kind of undercliff. 
On the present occasion, the season had been unusually 
wet and rainy, and the upper strata having become 
saturated with moisture, and, consequently increased in 
weight, while the lower deposits had been rendered 
slippery, the entire mass was set in motion, and the 
whole of the beds above the lias, comprising masses of 
chalk, chert, and green sand, were gradually precipi- 
tated over the subjacent beds of lias clay. The neigh- 
bouring coast of Devon presents marks of like action ; 
but, owing to the firmer nature of the rocks of that 
district, consisting largely of sandstones and limestones, 
appertaining chiefly to the old red sandstone and moun- 
tain-limestone, the action of the waves is less striking, 
and appears to have been less rapid; while on the 
adjacent shore of Cornwall, the still harder and more 
crystalline character of the primitive rocks, the granites, 
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svenites, greenstones, and the like, evince feebler marks 
of the agency of the sea, and no perceptible change, of 
any extent or importance, with some trifling and local 
exceptions, is recorded as having taken place in the 
configuration of the coast, during the records of man. 
The general principles, however, which are remarked in 
other localities are observable here; the softer rocks 
being gradually hollowed out into creeks, coves, and 
bays, while the harder are left to protrude as points, 
precipices, and headlands ; the results being proportion- 
ate to the various causes arising from the unequal 
resistance of the rocks, the power of currents, tides, 
waves, and breakers, : and the original form of the land. 
Proceeding round the Land’s End, the same description 
will apply to the northern coast of Devon, the shores 
of Somersetshire, and the adjacent district of Wales. 
On the Cheshire shores, the abrupt cliffs, composed of 
the softer clay and red marl of the new red sandstone 
system, have yielded, in an immense degree, to the 
advance of the ocean, and though in the estuary of the 
Severn, land both in Somersetshire and Gloucestershire, 
has been added, to a considerable extent, from the 
ocean, yet the loss on this part of our coasts far exceeds 
the gain. ° 

It has already been observed, that the operations of 
the sea are materially assisted by the action of springs, 
the percolation of rain, and the operation of frosts. 
Where the cliffs, instead of being of homogeneous nature 
to their base, are composed, in their lower portions, of a 
permeable substance, such as clay; the upper portions are 
increased in weight, by the infiltration of moisture, while 
the lower are lubricated and rendered so slippery that the 
upper masses glide down and occasion aslip or fall. Frosts 
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prove a like important agent of destruction, fracturing, hy 
the expansion of the water into ice, various portions of 
the mass, and detaching them iato fragments, which fall 
to the base. The cliff thus attacked at the various points 
of its summit and its centre, by the action of water and 
of frost, and at its base, by the sea, becomes an easy 
and rapid prey to its various antagonists; and we 
may, from a due consideration of these causes, cease 
to wonder at the vast and extensive waste observable on 
all the less resisting strata, from the coasts of Yorkshire 
to those of Sussex, and thence, to a greater or less extent, 
to the shores of Cheshire and the coasts of Scotland. 
While such are the results observable on our native 
shores, the same effects are perceptible over the entire 
globe; they are apparent on the opposite coasts of 
France, and are still more remarkable in Holland, a 
country, the very existence of which may be suid to be 
dependent on that of man. But for his interposition, 
the whole region never would have been reclaimed from 
the deep, and were he banished from the earth, and the 
defences against the ocean which he has erected and 
maintained left to decay, it would survive him but a 
brief period, and would become immerged in the ocean, 
from which he has redeemed it, while the sea would pro- 
ceed on its course to sap and level the mountains of the 
Rhine and the Alps, and, by degrees, the whole conti- 
nent of Europe. To enumerate all the instances of the 
destructive effects of the ocean, observable over the 
whole earth, would obviously far transcend our limits ; 
and it may be sufficient to mention, as the summary of 
our remarks, that the same principles universally prevail, 
of the harder rocks standing out as headlands, after the 
softer deposits have been worn into creeks and bays ; 
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the action of the sea, as before mentioned, being 
modified by the local causes of the form of the land, 
and the action of tides, waves, breakers, and currents. 

Fiuviatite Action.—The agency of rivers is alike 
destructive of the banks through which it flows; and 
in the case of floods, torrents, and inundations occa- 
sioned by rains, tempests, the melting of snows, &c., 
the ravages thus effected are perfectly astounding to 
those who may not previously have directed their atten- 
tion to these phenomena. We shall omit any detail of 
their action, for the reason, that, as these phenomena 
are more strikingly developed on the continents of 
Europe and America, the rivers of which constitute the 
drainage of larger tracts of country than is the case in 
our own islands, we shall refer to the excellent treatises 
of Lyell, Delabeche, and others, in which they are dis- 
cussed in the most ample and satisfactory manner. 

ATMosPHERIC AGENCY.—The agency of the atmo- 
sphere, and of the vapours and rain which it produces, 
as already observed, is both chemical and mechanical ; 
the chemical action being to disintegrate and destroy 
the rocks, by absorbing oxygen and carbonic acid from 
the air, by which absorption, rocks of all classes, are 
speedily weathered, and, in some measure, worn away. 
The mechanical agency, as already stated, consists, in 
the first place, in the abrading force of running water, 
by which the solid materials of the earth are continually 
worn off and transferred to the beds of adjacent seas ; 
and, in the second, in the fissuring and cleaving 
rocks, by the expansive power of frost. 

As the destructive agencies above mentioned are 
chiefly referable to degrading causes, and are attributed 
to the action of water, so those of renovative nature 
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are to be assigned to elevating forces, and are princi- 
pally to be ascribed to the agency of fire; it being to 
these antagonist forces, as we have before stated, that 
the Almighty has delegated, in an important degree, 
the task of changing, modifying, and preserving the 
solid crust of the earth. The agency of heat is mani- 
fested, either by the rapid effects of the volcano, or 
the slower effects of gradual upheaval; the former 
being exemplified by the raising Monte Nuovo in a night, 
the latter by the uplifting of Sweden and part of Scan- 
dinavia by the slower process of continental elevation, 
the general geological effects of volcanic action being, as 
before observed, to raise the materials on which its 
influence is exerted, from a lower to a higher level. 
The conservative principle is also exemplified in the 
tendency of the materials derived from the destruction 
of pre-existing rocks, to become consolidated into new 
strata, by means of cement, either of siliceous, calca- 
reous, or ferruginousnature. The production of silex, 
which, it is observable, is far more abundant in the 
older formations than in those of more recent date, 
constitutes a problem which the present state of our 
knowledge by no means enables us positively to deter- 
mine. But the siliceous deposits of the springs of 
Carlsbad, and, in particular, of the Geyser springs of 
Iceland, would seem to evince that they are due to the 
action of thermal sources and streams of hot water, 
produced by the internal heat of the earth, which may be 
presumed to have been more active and influential at 
the earlier periods of the earth’s history than at present, 
The nature of calcareous cement is far more clear and easy 
of explanation. Most fresh water, it is well known, holds 
a certain quantity of carbonate of lime in solution, which, 
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by a change of temperature, is liable to be wholly, or in 
part, precipitated ; the fur, as already observed, which 
lines the tea-kettle, affords an example of the process. 
Streams thus impregnated flowing over loose materials, 
as sand, pebbles, &c., would have the effect of cement- 
ing them into rock, and producing limestone, calcareous 
sandstone, or conglomerate; while waters holding iron 
in solution would, in like manner, cemgnt similar sub- 
stances into conglomerations of ferruginous nature. 
Iron, it is well known, constitutes, by the oxydation or 
rust of the metal, a cementing agent of very consi- 
derable power, as is evinced by innumerable facts, 
among which may be mentioned a grappling iron, pre- 
served in the British Museum, imbedding a mass of 
beach. The same phenomenon is shown by various 
iron objects from the wreck of the Royal George. 

Rivers exemplify the conservative or compensating 
principle, by the forming of deltas, or accumulations at 
their mouths and points of junction with the sea, by 
which the materials which they have abraded and carried 
off from the lands over which they have flowed, are 
thrown down in the shape of fresh deposits. The most 
striking instance is furnished by the Delta of the Nile; 
and the large rivers of the American continent, in like 
manner form similar deposits, which, from the fresh and 
virgin character of the new-formed soil, are remarkable 
for their fertility and productive power. 

In addition to these mechanical agencies, we have 
already called attention to the fact, that vital action is 
alike employed in the construction of new deposits, 
and the formations of fresh spheres of habitation for 
animals and for men. The coral insect is, ceaselessly, 
at work rearing, first, its reefs, then its islands above 
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the surface of the deep, and, finally, by the union of 
these, producing continents, which, at a future period, 
will rival those already in existence. 

The limestone of Guadaloupe, celebrated for the 
human skeletons which it embeds, is a recent deposit, 
formed by the following process. The coral reefs which 
surround the island are worn and abraded by the inces- 
sant action of the waves, and the detritus thus occa- 
sioned is wafted to the shore in the state of coralline 
sand or mud, where, by the action of the atmosphere, 
or of streams holding carbonate of lime in solution, the 
mass becomes indurated into a compact limestone. It 
is quite evident that the rock was in a soft and yielding 
state when these skeletons were placed in it, and it is 
also ascertained, that the bones are not fossilized, but 
retain their gluten and phosphate of lime. There is 
scarcely sufficient evidence as to the exact mode in 
which they have been imbedded, whether they are 
relics of a battle, or were deposited as a mode - 
of interment. It is, however, conceived, that they 
may, in all probability, have been placed here for burial ; 
for though General Erneuf, a French military officer, 
mentions a battle and massacre of the Gallibi tribe by 
the Caribs to have taken place, 130 years since, on this 
spot, yet Dr. Moultrie, an American savant, who pos- 
sesses the head belonging to the specimen in the British 
Museum, declares it to be that of a Peruvian, or a race 
possessing a similar form of skull. A skeleton, now in 
the Museum of Natural History at Paris, was dis- 
covered in a sitting posture, which is known to be 
a usual position of interment among the aborigines of 
these regions. The accompanying figure depicts the 
object in the British Museum. 
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Havine thus described the studies which are most es- 
sential to the geologist, and afforded the requisite infor- 
mation as to the most eligible mode by which they may 
be acquired; having, it may be said, pointed out the 
several paths which conduct to the temple of geology, 
and suggested the best way of pursuing .them; and 
having farther afforded some outline of the geological 
changes which have been going on during the historical 
period, and subsequently to the creation of man; we 
shall now offer a compendious account of the various 
systems of deposits in detail ; with a view to unite theory 
with practice, and to enable the student to realize the 
phenomena of natural science, as they are exemplified 
in the earth around us. 

The tyro, in this interesting study, will find his 
inquiries materially lightened and assisted, by adopting 
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a kind of memoria technica, or artificial memory ; and, 
by impressing on his recollection, at an early period of 
his studies, some few striking facts, characteristic of 
each specific formation, by which it may be distinctly 
ascertained and recognised. Thus, the vast and varied 
deposits, fluviatile, lacustrine, marine, and volcanic, 
which make up the system of the tertiary strata, may 
be distinguished by the following general features, which 
it will be advantageous to remember. 

1. They are all deposited in hollows, or depressions, 
usually of the chalk, and occasionally of older rocks. 

2. They evince proofs of important changes in the 
relative level of land and sea, during that period of the 
history of the earth in which they were deposited. 

3. They afford like evidence that, during thd same 
epoch, this part of Europe was the site of enormous 
lakes, which, at the present day, have no analogy in 
this part of the globe, but which have their type in 
the vast lakes of the continent of America. 

4. They likewise show that volcanic agency was 
developed at this period on a vast and magnificent 
scale. 

5. They testify the gradual refrigeration which took 
place during this era, and the approximation conse- 
quent on the change of climate, to the forms of vegeta- 
ble and animal life prevailing at the present day. Thus, 
while the dicotyledonous plants first assume their pre- 
sent preponderance in these deposits; animals of the 
class mammalia, that is, such as give suck to their young, 
first appear In any numbers on our earth. 

6. Finally, owing to their position at the surface, 
and their having undergone less pressure than the rocks 
beneath, they constitute a vast depository of fussil shells, 
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which are preserved in such number and perfection, as 
to form a scale by which the relative age of these form- 
ations is usually determined. 

CLassiFIcaTION oF Ma. Lyeti.—At an early period 
of the science, a very inadequate idea of these strata 
was formed, it being conceived that they were all 
spread over one plane, and all deposited at one epoch. 
Subsequent researches, however, satisfactorily showed 
that, like the secondary rocks beneath, they were placed 
in the order of super-position, and were referable to 
very different periods. From a careful examination of 
the shells of the entire series, Mr. Lyell was enabled 
to classify the beds under some three or four general 
divisions, founded on the relative number which they 
respectively contained of such shells as were identical 
with existing species. To explain. In certain de- 
posits he found that of a hundred shells there were no 
more than three which were identical with living forms ;, 
in other beds the proportion increased to seventeen in 
a hundred; while, in others, the numbers varied from 
about thirty-five to upwards of ninety, till, in fact, 
almost the whole of the shells were of now existing 
types. Inferring, therefore, as a matter of course, the 
relative age of these deposits to be determined by the 
amount of existing shells which they respectively con- 
tained, he assignedthe three per cent. beds to the 
oldest term, calling them eocene, which may be con- 
sidered as indicating ancient, from the Greek words 
Hos, the dawn, and xawos, new, Indicating the dawn of 
the new or recent period; the seventeen per cent. to the 
miocene, or middle, from pecoy, less, and xaos, signifying 
that these beds contained a minority of recent shells ; 
and the remaining deposits to the pleiocene, or modern, 
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from m\eoyv, more, and xaos, showing that these de- 
posits contain a majority of recent shells. He subdi- 
vided this latter class again as follows :—the beds which 
contained some fifty per cent. of existing shells were 
termed older pleiocene, while those which presented 
ninety in a hundred of living forms were named newer 
pleiocene, or occasionally pleistocene. 

It might possibly have been more expedient to have 
adopted such terms as would have expressed more 
distinctly than the names above cited the progressively 
modern character of these deposits, which is of course 
their most striking feature; and this might easily have 
been effected by avoiding the word miocene, and retain- 
ing eocene, pleiocene and pleistocene, signifying the 
degrees of comparison of the adjective new, newer, 
newest. But it is now too late to attempt this altera- 
tion, since the terms are so firmly established by the 
writings and labours of Mr. Lyell, that any endeavour 
to alter them would only produce more evil than ad- 
vantage. The English reader will best understand the 
whole as signifying ancient tertiary, middle tertiary, 
and modern tertiary, subdividing these last into early 
modern tertiary, and Jater modern tertiary, or modern 
tertiary No. 1 and No. 2. 

OssEcTIONS TO THE SystEM.—Objections of varied 
kinds have been adduced against the per centage 
system, aS it is sometimes called, of Mr. Lyell, the 
chief of which are founded on the present imperfect 
state of our knowledge of conchology; and it has 
been urged that the determination of the species of 
shells, a decision which must, in a great measure, de- 
pend on the knowledge and skill of an individual 
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conchologist, affords a basis too insufficient for a gene- 
ralization so extensive as that of determining the age 
of entire systems of deposits. In defence of the method, 
however, it may be argued that it is intended rather as 
an approximative than as an exact scale; and farther, 
that it has now stood the test of several years, during 
which the data adopted at an early period have, in their 
most important features, been confirmed and strength- 
ened by the observations of separate and independent 
inquirers. It may be hence assumed as a fair and 
legitimate conclusion, that this system, if it is not to 
be regarded as truth itself, affords a closer and more 
perfect approach to the truth than it is possible to 
obtain without its assistance. 

GeoGrRAPHicaAL DistrRiBUTION OF THE TERTIARY 
Strata.—They prevail extensively in this country, but 
are still more largely developed on the continent of 
Europe, occurring in France, Italy, Sicily, Germany, 
and being recognized alike in every other quarter of the 
globe, as Asia, Africa, America, and Australia. 

In Scotland, certain deposits occur in the basin of the 
Clyde, which from their relative proportion of existing 
shells, are referable to the newer pleiocene or pleisto- 
cene. In England the crag deposits (so termed) of 
Norfolk and Suffolk are also recognized as of similar 
character. The order and succession of these beds of 
the crag are somewhat complicated and difficult to de- 
termine, and hence they formed for some time a subject 
of considerable controversy and doubt. Mr. Charles- 
worth, however, in a memoir submitted to the British 
Association of Science in 1836, proposed an arrange- 
ment which, after some discussion, was recognized by 
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Mr. Lyell* as indicating their correct characters. This 
arrangement, following a descending order, is as under: 
Ist, and uppermost, lacustrine strata, containing mam- 
malian remains; 2dly, the mammaliferous or Norwich 
crag ; 3rdly, the red crag; and 4thly, the coralline crag. 
The red crag is so called from being of a deep ochreous 
colour. It consists chiefly of quartzose sand, with 
occasional intermixtures of rolled and fragmentary 
shells; and from containing about sixty per cent. of 
recent species is referred to the older pleiocene. Bones 
and teeth of the mastodon, elephant, horse, and other 
mammalia, have been found in these upper beds of the 
crag; and Mr. Lyell and Mr. Charlesworth state the 
characteristic shells with others to be 


FIG. 204.—Natica glaucinoides. FIG, 205.—Astarte plana. 


The lower and older of these divisions, from the great 
number of corals which it contains, is called the coral- 
line crag, and from its presenting a much smaller pro- 
portion, about twenty per cent. of recent shells, is re- 
ferred to the miocene or middle period. The beds are 
of limited extent, about twenty miles in length and three 
or four in breadth, and are usually calcareous and marly. 
Among the bones and teeth are those of a large species 
of shark termed carcharias, while the following, among 


* See Magazine of Natural H istory, July, 1839, 
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others, are stated by the same authorities to be character- 
istic shells. 


FIG. 206.—Voluta Lamberti. FIG. 207.—Fusus contrarius. 


While the basin of the Clyde thus affords an example 
of the newer, the upper or red crag of the older plio- 
cene; and the lower or coralline crag of the miocene 
strata; the eocene or oldest beds of the system are sup- 
plied by those of the London and Hampshire basins. 

The deposits which occupy the basin of London and 
the whole valley of the Thames fill up a vast gulf or 
depression of the chalk, which, commencing from the 
North Downs on the south, terminates on the east 
with the Isle of Sheppey, on the west with the sea, and 
is bounded on the north-west by the re-appearance of the 
chalk in the hills of Berkshire, Wiltshire, Oxfordshire, 
Buckinghamshire, and Hertfordshire. The whole of 
these accumulations were once divided into three dis- 
tinct groups, the Bagshot sand, London clay, and Plas- 
tic clay, but, by later observers, they have been reduced 
to two; the first consisting of those superficial beds 
which compose the sands of Highgate, Hampstead, 
Finchley, Bagshot Heaths, and other arenaceous de- 
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posits in the vicinity of the metropolis ; while the second 
comprises those underlying deposits of shingle, clay, 
loam, and sand, which constitute what is now called the 
London clay formation. The upper portion is com- 
posed of indurated clays, of various tints, chiefly bluish 
or brown, and frequently contains ovate nodules, or 
concretions of argillaceous limestone, divided by fissures, 
which are filled with veins of crystallized carbonate 
of lime, or sulphate of barytes, radiating from the centre 
to the circumference. They have been produced by the 
shrinking or cracking of the clay when drying, and by 
the infiltration of the mineral substance into the cavities 
thus occasioned. ‘They were formerly regarded with 
extreme interest and wonder, and were termed ludus 
helmontii, but from presenting those appearances of 
division just described are now named septaria, from 
seplum, achamber. They are extensively used for ce- 
ment, and in breaking them for this purpose, some or- 
ganic substance, as a shell, a plant, ora fruit, is usually 
found to constitute the nucleus of the mass, 


FIG, 208.—Septarium, 


The lower division is composed of those alternating beds 
of sand, shingle, clay, and loam, which, from some of 
the clays being used for pottery, occasioned the name of 
the Plastic clay formation to be bestowed on the entire 
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series. The nature of their embedded fossils proves the 
marine origin of these deposits. The teeth and ver- 
tebrz of sharks, the crabs, lobsters, and other crustacea, 
together with the corals and marine mollusca, attest the 
strata in which they are found to be the bed of an an- 
cient sea; while the terrestrial remains, though compara- 
tively few, the leaves, fruits, and stems of plants, with 
masses of wood perforated by the teredo, evince the prox- 
imity of land, and show that these objects have been 
transported by rivers and tributary streams to the then 
existing ocean. 

The cabinets of the British Museum contain a highly 
interesting collection of specimens of the London clay, 
formed by the late Mr. Swan, and presented by the 
widow of that gentleman. 

Tue Iste or SHeppey.— This is considered an outlier 
of the same formation, being composed of London clay, 
which is so strovgly impregnated with iron pyrites as to 
render the contained fossils extremely liable to decom- 
position, and to compel the collector to have recourse 
to particular methods, such as boiling them in linseed 
oil, or keeping them in water, in order to preserve them. 
The fruits of this locality are so abundant, that Mr. 
Bowerbank has commenced a work devoted exclusively 
to their illustration. They are all of a tropical nature, 
and constitute so important a characteristic of this 
peculiar region, as to have given rise to numerous 
conjectures as to the circumstances which have pro- 
ducedthem. By some the district has been supposed to 
have been the site of numerous spice-islands ; by more 
recent observers, it has been regarded as an estuary 
deposit, and the fruits are conceived to have been wafted 
by a river from the land. 
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The characteristic shells of the London clay are, 
among otliers, 
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FIG, 209.—1, Cassis carinata, 2. Turritella edita. $. Pleurotoma prisca. 
4. Trochus agglutinans. 5. Arca interrupta. 


Various parts of the London clay formation present 
the fossils termed nummulites, from the Latin nummus, 
a coin, to which they are supposed to bear some resem- 
blance. They are conceived to have been the internal 
shell of a mollusc, and, from being capable of inflation, 
to have acted as a buoy, enabling the animal to sink or 
swim at pleasure. 


FIG. 210.—Nammiulite. 
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We have previously mentioned a fossil substance, 
which has before been pointed out by Mr. Lyell, as an 
object highly interesting and instructive, and affording, 
by its history, considerable insight into the condition of 
the ancient sea and land. 


FIG. 211.—Wood perforated by the Teredine. 


The above illustration represents a specimen of this 
kind, a piece of fossil wood, pierced by a boring worm 
of extinct species, called teredina, but allied to the teredo, 
the shipworm which proves so destructive to the timber 
of our vessels at the present day. The wood is now 
converted to a stony mass, a mixture of clay and 
lime ; but Mr. Lyell observes, ‘‘ it must have once been 
buoyant and floating in the sea, when the teredine lived 
upon it, perforating it in all directions. But before they 
settled on the woud, the branch of a tree must have 
been floated down to the sea by a river, uprooted per- 
haps by a flood, or torn off and cast into the waves by 
the winds; and thus our thoughts are carried back to a 
period, when the tree grew for years on dry land, enjoy- 
ing a fit soil and climate.” The induction might be 
carried even still farther than it has been here pursued. 
A river supposes tributary streams, and these the 
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alternations of hill and vale, and the varied surface 
of a country of which these waters formed the drainage ; 
while the condition of the atmosphere and of solar light 
and heat must have been analogous to their state at the 
present day, to have produced plants similar, as these 
specimens usually are, to those now existing around us. 
Thus, as in other instances, the whole panorama of the 
ancient earth and its productions might be restored, in 
all the reality of life, by the aid of the sure and unerring 
conclusions, suggested by a single and seemingly un- 
iinportant object, derived from a peculiar period of the 
creat history of the past. It isa singular feature in the 
economy of these creatures, that though they approach 
so closely to each other in their perforations, as often 
to leave but a mere filament of wood between, yet they 
never actually break into each other’s path; and a pas- 
sage of Scripture, descriptive of the similar instinct of 
the locust, has been applied to depict their habits in 
this particular. ‘‘ They march every one in his ways, 
and they break not their ranks; neither does one thrust 
another; they walk every one in his path.’”* 

To the above remarks we may perhaps be permitted 
to add, that as the animal of this shell secretes and de- 
posits, in the wood, a shield or tube for its protection, 
Sir I. Brunel is stated to have adopted the idea of per- 
_ forating the bed of the Thames by defending his pro- 
gress with a shield, from the example thus taught him 
by the operations of this apparently unimportant and 
insignificant worm ! 

Basin OF HAMPSHIRE AND THE IsLE oF WiGut.— 
We described the strata of the London Basin as being 
wholly marine, and exhibiting no example of any 
freshwater deposits. But in the adjacent districts of 


* Joel, ch. ii. v. 7 and 8. 
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Hampshire and part of the Isle of Wight, we find such 
alternations of freshwater with marine beds, as indi- 
cate those important changes in the level of the land 
and sea to which we have already alluded. This pheno- 
menon of the change of sea to land, and its reversal, is 
one of universal extent and influence, affecting, in fact, 
every portion of the surface of the globe, and as its 
operation has but recently been understood, it may be ex- 
pedient to devote a brief space to its explanation. Since it 
was evident, from the earliest observation, that the exist- 
ing land had once been sea; it became the practice, as 
we have already mentioned, at a former period of the 
science, to explain the phenomenon, by conceiving that 
the sea had retired, while the land had retained its 
position. Yet since it appeared that the same spot had, 
in many cases, obviously been the site of sea and land, 
under the varied conditions of ocean and estuary, and 
of dry land, river, and lake, it became necessary to 
conceive several successive retirements and returns of 
the ocean. But while such a supposition was scarcely 
sufficient to explain the problem, as regarded the sea, 
it not only proved inapplicable to the land, but the 
land itself, far from affording evidence of having always 
remained in a tranquil position, offered in its dislocations 
and disturbances; its fractures and fissures; its eleva- 
tions and subsidences, incontestable proofs that the earth 
itself had been the scene of the changes in question, 
and that their occurrence was to be explained by altera- 
tions in the level of the land, and not of the sea. 
Tempe or Jupiter Serapis.—The fact that the 
land has been raised, and not the sea lowered, has 
received abundant confirmation by the celebrated anti- 
quarian remains above-mentioned, which have been so 


amply described by Mr. Lyell, Dr. Mantell, Mr. Bab- 
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bage, and others, as to require no more than a casual 
mention here. In the bay of Baiz, near Naples, some 
pillars and other fragments of a Roman building were 
long known to exist. They were conceived to be the 
remains of a Temple of Jupiter Serapis, and though 
modern antiquaries have shown, that the worship of 
that Egyptian deity was proscribed to the Roman peo- 
ple, at the period presumed to be that of their erection, 
and that these relics are, probably, the ruins of an ex- 
tensive suite of therma, or baths; the original name is 
retained for the sake of convenience. After having 
excited, during a considerable space, the interest of the 
antiquary, the attention of the naturalist was drawn to 
the phenomenon of certain perforations exhibited in the 
three remaining pillars, at about twenty feet from the 
ground. It is well known that there are shell-fish, 
the instinct of which is to bore into calcareous stones 
and rocks, and to exist in the apertures thus made. 
We often find masses of chalk, for instance, on our 
shores, perforated by animals of this kind, and present- 
ing holes in which we may place our fingers; the mark- 
ings of these columns have been effected by an animal 
of the same class. These creatures can, of course, only 
exist in the salt-water of the ocean, and from this, and 
other facts, it has been demonstrated that the columns 
in question have suffered since their erection, a submer- 
sion beneath the sea and a subsequent elevation of, at 
least, twenty-three feet, such being the height of the 
upper band of perforations. The phenomenon is ascribed 
to the operation of the volcano, the whole district around 
being volcanic, and the rise and submergence being 
attributed to the shrinking and expansion of the strata 
on which the structure was erected. 
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FIG, 212. —Temple of Serapis. 


The movement appears to have been extremely 
gradual, for it has recently been ascertained by Italian 
geologists, that the pillars are actually sinking again, 
owing to the submergence of the soil; yet so gentle, so 
imperceptible are these motions, both of rise and fall, 
that the shattered columns of a ruined temple have 
not been overturned by their operation. 

Rise or SwepEN.—The phenomena observed in this 
single instance, and on a limited scale, have been veri- 
fied by observations in various districts, and spreading 
over extensive areas. Mr. Lyell having first expressed 
his doubts of the alleged fact of a rise of land in 
Sweden; satisfied himself by a visit to that country that 
it was then, and had, for ages, been in course of ele- 
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vation in some places, and of depression in an opposite 
direction ; in fact, in a state of oscillation, rising in the 
northern, and sinking in the southern parts. He arrived 
at these conclusions, not only from having ascertained 
that the land stood higher above the sea, at the period 
of his visit, than had been the case some twenty or thirty 
years previously; but by discovering beds of oyster- 
shells of existing species, in inland cliffs some distance 
from the sea, he farther inferred that the rise of land had 
been for centuries In operation. 

While this phenomenon has been noticed in a general 
way in Sweden, it has been observed with still greater 
accuracy in Italy, and its progress determined with a 
correctness never before effected ; Signor Nicolini, a 
geologist of Naples, having ascertained that between 
1823 and 1838 the west coast of Italy has risen 112 
millimetres, about four inches English, above the level 
of the sea. , 

The effect of earthquakes is frequently to occasion 
oscillations and changes of level ; thus, as already men- 
tioned in the visitations of 1822 and 1835, the whole 
coast of Chili, from the Andes far out to sea, comprising 
an area of 100,000 square miles, equal in extent to one 
half the kingdom of France, was raised to a consider- 
able extent; and in the late fearful earthquakes which 
desolated the West India Islands, that of Martinique has 
changed its level, and undergone an oscillatory move- 
ment, being on the northern side, two feet higher above 
high water mark, and on the southern, two feet lower, 
than was the case prior to the occurrence. 

HAMPSHIRE AND THE IsteE or Wicut.—To resume 
our description of these highly interesting localities, 
Mr. Webster has classified the tertiary beds of the 
Hampshire and Isle of Wight basin, in the following 
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subdivisions, commencing with the lowest. Ist. Plas- 
tic sands and clays. 2nd. The London clay. 3d. Fresh 
water deposits, consisting of sandy, calcareous marls, 
with large quantities of freshwater shells. 4th. Clay 
and mari abounding in marine shells, very generally of 
different species from those in the London clay. 5th. 
Upper freshwater deposits; yellowish white, or green 
wnarl, and calcareous limestone, employed for building, 
and forming almost one entire mass of freshwater shells, 
the chief forms of which are depicted below., 


PIG. 218.—No. 1 and 2. Paludina concinna. 8 and 4. Lymnea pyramidalis. 
5. Planorbis equalis. 


This series of the tertiary beds is of considerable 
extent. Small portions occur near Newhaven, and 
Seaford, in Sussex : while, to the westward of Brighton, 
the London clay rises to the surface beyond Worthing 
and forms the tract between the chalk-hills and the 
sea. The inland boundary stretches by Chichester, 
Emsworth, and Southampton to Dorchester; and the 
clay extends over the New Forest, and as far as Poole, 
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being surrounded by the chalk on all sides, except 
the sea. The Isle of Wight is, in part, composed of 
strata of the same character, being, in fact, a disrupted 
mass of the formations of the adjacent south-east coast 
of England. By the agency of this disruption, the 
strata have undergone the most singular disturbances 
and dislocations, the chalk itself has been brought to 
a vertical position, has been actually lifted upright, and 
the super-imposed tertiary strata with it. These 
results are clearly displayed at Alum Bay, which 
presents the phenomena of sands and clays of the most 
varied tints, green, yellow, red, crimson, ferruginous, 
white, black, and brown, all lifted to a perpendicular 
situation, and having suffered no change, except that 
of having been raised, with the chalk, from a horizontal 
to a vertical position. Masses of lignite, the brown or 
imperfect wood-coal of the tertiary deposits, also occur 
in these beds, and are occasionally washed out of the 
cliffs and wafted on the adjacent shores of the main- 
land. In the limestone quarries of Binstead, near Cal- 
bourne, and at Morley, teeth and bones of anoplothe- 
rium, palaeotherium, cheropotamus, and dichobune, 
creatures peculiar to these formations, the most im- 
portant of which will be farther described a few pages 
hence, have frequently been discovered. The Isle of 
Wight forms a highly interesting epitome of the whole 
of the formations existing in the south-east of England, 
comprising the marine tertiary deposit of the London 
basin, with freshwater strata not occurring in that 
locality, together with the various formations of the 
chalk, green sand, and galt, and the limestones and 
sandstones of the weald. This instructive region 
farther affords some striking proofs of that change in 
the relative level of the land and sea which we have 
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already named as characterizing this period of the his- 
tory of the past, while some interesting circumstances of 
recent occurrence tend to prove that similar causes are in 
operation now. It isa well known fact, that an enterprise 
having been undertaken in the reign of James the First, 
under the direction of the celebrated Sir Hugh Middle- 
ton, for the purpose of draining Brading Haven, on the 
south-west side of the island, an attempt which was 
only abandoned, because the land proved to be so sandy 
and unfit for cultivation as not to repay the cost of 
reclaiming it, a well, cased with stone, was discovered 
near the middle of the haven, a fact which sufficiently 
indicated that the present bed of the waters was once 
dry land, and inhabited by mankind. Again; a very 
remarkable fact is mentioned by Sir Richard Worsley, 
in his History of the Isle of Wight, which serves to 
indicate an additional instance of change of level toa 
very considerable extent. He states, 

‘* Looking eastward from the elevated spot, where 
the tower (on St. Catherine’s hill) stands, two other 
hills are to be seen; the nearest, which is about three 
miles distant, is called Week Down, over which, about 
a mile and a half farther, appears that called Shanklin 
Down (or Dunnose Head). Concerning these downs 
a singular circumstance is remarked by the inhabitants 
of Chale, of which the evidence seems unobjectionable. 
Shanklin Down may now be guessed to stand about a 
hundred feet higher than the summit of Week Down, 
yet old persons, still living, affirm that within their 
remembrance Shanklin Down was hardly visible from 
St. Catherine’s: they declare, moreover, that in their 
youth, old men have told them they knew the time when 
Shanklin Down could not be seen from Chale Down, but 
only from the top of the beacon, the old post of which 
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stands near the chapel. This testimony, if allowed, 
argues either a sinking of the intermediate down, or a 
rising of one of the other hills.” 

The phenomenon above described derives additional 
demonstration from the fact that the observations re- 
cently made in the mountains of the Andes by M. 
Boussingault, indicate that the various heights evince 
less degrees of altitude than those determined thirty 
years before by M. Humboldt, which tends to prove 
that a considerable submergence has taken place in 
the mountains of that continent during the same period 
of tinte ; a fact which would also agree with the apparent 
elevation of the inferior limits of snow in that country. 
Castle Hill, near Newhaven, presents an epitome of the 
Hampshire basin, the cliffs revealing a succession of 
thin beds of the tertiary series, resting on a base of 
chalk, which forms the lower fifty feet of the cliff. 

Tue Paris Basin.—Having thus briefly described 
the chief British localities in which the tertiary strata 
are developed, the basin of the Clyde; the crag of 
Norfolk and Suffolk ; and the basins of London and of 
Hampshire and the Isle of Wight; we shall now cross 
the channel to inspect the more ample development of 
these formations on the wider area of the continent of 
Europe. It has been remarked, as a singular fact, that 
the two capitals of England and France are located on 
deposits of the same geological date and character ; 
and Vienna, the site of which is found to be referable to 
the same formations, may be added to the list. The 
Paris basin extends over a larger area than the contem- 
poraneous deposits of our own island, occupying a 
length from north-east to south-west, of about 180 
miles, and a breadth, from east to west, of about 100. 
The strata presents a succession of beds which could 
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only have been produced by those alternations in the 
relative level of the land and sea, to which we have 
already referred. 

The various deposits are thus classified, according 
to the most recent views formed on the subject. 

1. Three formations of the same date, frequently 
alternating with each other, and resting on the founda- 
tion-chalk, consisting, Ist, of freshwater beds of plastic 
clay, containing lignite; 2nd, a marine limestone, the 
calcaire grossier ; 3rd, a fresh water, siliceous limestone, 
the calcaitre silicieux. 

2. Marls and beds of gypsum, containing bohes of 
quadrupeds, partly of the same date with the preceding, 
partly more modern. 

3. Upper marine sands. 

4. Upper fresh water marls with siliceous millstone. 

The inferences derived from these varied deposits are 
in substance these:—It is conceived that an ancient 
gulf or depression of the chalk was filled by a sea of 
later date, which, extending on the north to the main 
ocean, was bounded on the south by a tract of land, 
the rivers of which brought down and deposited in its 
waters, the spoils of the country over which they flowed, 
the remains of animals and plants, and the shells of 
the river and the land, while mineral waters were 
occasionally infused into those of the sea. Changes 
took place in the relative level of land and water, pro- 
ducing fresh accumulations on the older deposits, and 
after extensive vicissitudes of this nature requiring a 
period of time correspondingly extensive for their deve- 
lopment, the country rose to its present elevation. 
Events of like nature, which we have already described 
as now in operation, afford an easy and natural explana- 
tion of these phenomena. 
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Orcanic Remains or THE Parts Basin.— Passing 
over the minor objects discovered in these deposits, 
the numerous shells, crustacea, and fish, and advert- 
ing, only for a moment, to the singularly perfect state 
in which so delicate a structure as that of birds is 
here discovered, their entire skeletons, and in numerous 
instances their very feathers being preserved, we will 
describe those remarkable animal forms which a Cuvier 
has brought to light, and with them revealed, as it were, 
a new science to the admiring world. 

The gypsum quarries of Montmartre had long been 
known to afford fossil remains. Collections of these 
objects had been formed, and M. Guettard had figured 
and described many of the bones and teeth. But it 
was reserved for the illustrious Cuvier to complete 
the investigations thus commenced, and to effect dis- 
coveries which are not only invaluable in themselves, 
but have given a new impetus to scientific research, 
and incited others to pursue a career so auspiciously 
and successfully commenced. By following those 
principles to which we have already alluded, and which 
he had previously applied with success to the investi- 
gation of fossil elephants and mammoths, he formed 
an extensive collection, and having undertaken the 
apparently hopeless task of restoring order to these 
fragments and ruins, his intimate knowledge of the laws 
of structure enabled him to refer each bone, or portion 
of bone, to its approximate position in the osteology of 
the living animal, till their re-animated forms, as it were, 
lived and moved, and had their being before him. ‘‘ The 
essential character of a tooth and its relation to the 
skull,” he says, ‘‘ being determined, immediately all 
the other elements of the fabric fell into their places, and 


430 ANIMALS DISCOVERED BY CUVIER,. 


the vertebrze, ribs, bones of the legs, thighs, and feet, 
seemed to arrange themselves even without my bidding, 
and precisely in the manner which I had predicted.”’ 
The mode of induction followed by this distinguished 
observer in these researches was, in substance, that 
commencing, as he states, with the teeth, and comparing 
their structure with that of existing animals, he was 
enabled to infer their relation to living forms, and find- 
ing the characters of the bones to be perfectly in accord- 
ance with those indicated by the dental structure, he 
first completed the osteology, then invested the skele- 
ton with those muscles which were predicted by the 
character and aspect of the separate bones; and lastly, 
clothing the whole fabric with the skin suitable to its 
general organization, the creature was restored to life. 
The following group represents the chief animals 


which he thus revived. 
1 2 


PIG. 214. 


In the above instances, the examination of the fossil 
teeth proved the animals to be herbivorous: the ivory 
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and enamel being disposed in the alternate order pre- 
viously described ; while the characters presented by the 
crown of the tooth, which was composed of two or three 
single crescents, referred them to the pachydermata, 
certain genera of which present like forms of dentition, 
rather than to the ruminants, whose more minute masti- 
cation requires double crescents, each, with four lines 
of enamel. Pursuing these investigations, Cuvier at 
length established, that the greater portion of these 
remains belonged to two genera of pachydermata, bear- 
ing an affinity to the tapir, rhinoceros, and hippopota- 
mus, creatures inhabiting marshes and rivers, in the 
mineralized beds of which these remains chiefly occur. 
Stuffed specimens of all these existing creatures are 
placed in the British Museum; the hippopotamus and 
rhinoceros occupying stations in the hall, and the tapir 
being placed beside the giraffes. 

The animals figured above are divided into the follow- 
ing genera: pal@otherium, an unmeaning name, signi- 
fying only an ancient wild beast; and anoplotherium, 
unarmed, so named from the absence of canine teeth, 
from a privative and omAos armour. 

Paleotherium magnum, fig. 2. This animal was as 
large as a horse, but thicker and more clumsy, with a 
massive head and short extremities. It resembled a 
large tapir, with differences in the teeth, and a toe less 
on the fore-feet. It was four or five feet high, and 
from the character of the nasal bones, must have pos- 
sessed a short proboscis, or trunk. 

Paleotherium minus, fig. 3, was a creature of the ge- 
neral character and appearance of the tapir, but with light 
and slender limbs, and was of the size of the roebuck. 
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Anoplotherium gracile, fig.1,was of the size and form 
of a gazelle, and its character and habits must have 
resembled those of the deer or antelope. 

Anoplotherium commune, fig. 4, was of the height of a 
wild boar, but more elongated in form, and having a 
long and thick tail, like the kangaroo; the feet having 
two large toes, like the ruminants. It is conceived to 
have possessed the power of swimming, and to have 
frequented the lakes, in the beds of which its bones are 
discovered. 

Several other species of carnivora and marsupialia, a 
squirrel, a dormouse, and a bat have been discovered, 
as well‘as an animal allied to those just described, and 
named anthracotherium, from having been first found in 
the beds of lignite, or wood-coal, of Tuscany ; this term, 
however, seems to require alteration, as remains of the 
animal have subsequently been discovered, in limestone 
marls, in Bavaria. Bones and teeth of the elephant, 

‘mastodon, hippopotamus, rhinoceros, and other mam- 
malia also occur in these and other neighbouring de- 
posits. 

TERTIARY STRATA OF A1x.— Other groups of tertiary 
strata occur in various parts of France. At Aix, in 
Provence, are beds of marls, and freshwater limestones, 
which have been so gradually and gently deposited by 
the waters which formed them, as to have preserved, 
in perfection, even the minute and fragile forms of insect 
life. In other portions of France and Switzerland, 
particularly at Céningen, the thinly laminated lacustrine 
marls have retained, in like perfection, objects of 
exceedingly delicate and fragile structure, as insects, 
birds, leaves, and stems of plants, together with crus- 
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tacea, fishes, turtles, salamanders, a tortoise, and the 
perfect skeleton of a fox. 

STRATA AND Orcanic REMAiNns oF Monte Botca.— 
This celebrated mountain, situated near Verona, - about 
fifty miles from the lagunes of Venice, has long been a 
classic spot to the geologist, from the variety and pro- 
fusion of the fossil fish entombed within its deposits. 
The strata are chiefly argillaceous and calcareous, with 
intercalations of a cream-coloured fissile limestone, which 
easily separates into laminz, of moderate thickness, 
presenting fish in the most beautiful state of preservation, 
the only violence they have suffered consisting, in general, 
in their being squeezed flat ; their bones, scales, fins, and 
the most delicate parts of the structure, being admirably 
conserved. From the voleanic character of the district, 
and the hill itself being capped with basalt, it is pre- 
sumed that the limestone in which they are embedded 
was injected into the ocean, in a fluid state, by volcanic 
agency, and that the fish were thus suddenly destroyed : 
a result constantly observed in the occurrence of every 
marine volcano ; it being obvious, that even a very slight 
adulteration of their native element renders it unfit 
for the respiration of fish, and thus terminates their 
existence. 

DorMant VoLcaNoEs oF CENTRAL Francze.—We 
now arrive at the description of one of the most splendid 
and striking features which characterize the vast history 
of nature during this peculiar period of her annals, the 
dormant volcanoes of the continent of Europe. Mr. Pou- 
lett Scrope, to whom we are indebted for an admirable 
account of this interesting region, and to whose excellent 
work we would refer for more ample particulars, re- 
marks on the singularity of the fact, that the volcanic 
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phenomena of central France, its plains of lava, and 
hills of scorize and ashes, which so obviously bespeak 
their volcanic origin, should have remained so long 
unnoticed and unknown; and that, up to the last half 
century, no one should have thought of referring these 
phenomena to the only agency in nature capable of 
producing them. This apparent blindness, he adds, is, 
however, very natural, and is by no means without 
example. The inhabitants of Herculaneum and Pompeii 
built their houses with the lavas of Vesuvius, ploughed 
up its scoriz and ashes, and gathered their chestnuts 
from its crater, without dreaming of their neighbourhood 
to a volcano which was to give the first notice of its 
existence by burying them under the products of its 
eruptions. The Catanians regarded as fables all rela- 
tions of the former activity of Mount Etna, when, 
in 1669, half their town was overwhelmed by one of its 
currents of lava. 

The circumstances under which public attention was 
called to these singular phenomena, are recorded in 
the following spirited manner by Mr. Poulett Scrope :— 
In the year 1751, two members of the Academy of 
Paris, Guettard, and Malesherbes, on their return from 
Italy, where they had visited Vesuvius, and observed 
its productions, passed through Montelimart, a small 
town on the left bank of the Rhone, and having walked 
out to explore the neighbourhood, the pavement of 
the streets immediately attracted their attention. It 
is formed of short articulations of basaltic columns, 
planted perpendicularly in the ground, and resembles, 
in consequence, those ancient roads in the vicinity of 
Rome, which are paved with polygonal slabs of lava. 
Upon inquiry they learned, that these stones were 


ANCIENT VOLCANOES OF AUVERGNE. 435 


brought from the rock upon which the castle of Roche- 
maure is built, on the opposite bank of the Rhone, 
and they were informed, moreover, that the mountains of 
the Vivarais abounded with similar rocks. This account 
determined the academicians to visit that province ; 
and discovering every day fresh reason to believe in the 
volcanized nature of the mountains they traversed, 
they reached, step by step, the capital of Auvergne. 
Here all doubts on the subject ceased. The currents of 
lava, in the vicinity of Clermont, black and rugged as 
those of Vesuvius, descending uninterruptedly from 
conical hills of scoriz, most of which present a regular 
crater, convinced them of the truth of their conjectures ; 
and delighted with the information thus acquired, M. 
Guettard, on his return to Paris, published an account 
of the discovery. His statement, however, was heard 
with doubt by a public little prepared for scientific 
investigation, and a Professor of Clermont having pub- 
lished an essay, in which he declared these appearances 
to be nothing more than the remains of forges and iron- 
works, undertaken by the Romans, who, in all half- 
civilized countries, are considered to be the authors of 
every thing extraordinary or stupendous, the Professor 
gained more votaries than the naturalist, and the asser- 
tions of the philosopher were received with scepticism 
and distrust. The Professor should, however, rather 
have attributed these labours to the Gauls, the ancient 
inhabitants of Auvergne, who are mentioned by Cesar 
as having possessed mines, and availed themselves of 
their skill, as miners, in the defence of the city of 
Avaricum.* 

The attention of later observers having, however, 

® Cesar, lib. vii.c. 21. 
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been drawn to this region, and M. Desmaret having 
published his Memoirs on the origin of basalt, accom- 
panied with maps of many of the lava-currents of 
Auvergne, all doubts were, at length, removed, and the 
true character of this singular region was fully and uni- 
versally acknowledged. 

The district which is the site of these volcanoes, 
is a vast plain, called La Limagne d’ Auvergne, remark- 
able for its fertility, as is the case with all soils formed 
of volcanic detritus ; it is inclosed, on the east and west, 
by two corresponding ranges of gneiss and granite ; 
its average breadth being twenty miles, and its length 
between forty and fifty. The surface is formed of 
pebbles and boulders of granite and basalt, reposing on 
limestone; the river Allier flows through the district, 
over beds of this limestone, or siliceous sandstone, ex- 
cept where it has occasionally excavated a channel to 
the foundation-rock of granite. Hills composed of cal- 
careous and alluvial deposits, which are scattered over 
the district, are conceived to be the relics of a more 
ancient plain, once existing at a higher elevation than 
the present, some of them being surmounted with basalt, 
others with limestone, which has protected and pre- 
served them. On the western side of the plain the 
limestone disappears, and a plateau of granite rises 1600 
feet above the valley of Clermont. This mass of granite 
supports a series of not less than seventy volcanic 
cones, varying in height from five hundred to a thousand 
feet, and forming a range nearly twenty miles in length, 
and two in breadth. The most remarkable of these 
ancient volcanic vents, are the Puy de Come and the Puy 
de Montgy. 

For a description of these in detail, as well as of 
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the neighbouring volcanoes of the Vivarais, and the 
Cantal, we must refer to the admirable work of Mr. 
Scrope, and shall content ourselves with calling atten- 
tion to one or two of the most remarkable features of 
so interesting a district. 

It is the striking remark of a French philosopher in 
illustration of the power and benevolence of the Supreme 
Being ; “Si Dieu est grand dans les grandes choses, il [est 
encore plus, dans celles qui sont petites. If the Almighty 
ig great in great things, he is still more so in those 
which are minute,” and this singular region presents us 
with a striking instance of the power of the Supreme, 
as displayed alike in what we conceive to be the 
grandest operations of his will, and the meanest crea- 
tures of his hand! 

Among all the vast and majestic agencies of nature, 
there is none comparable in sublimity and grandeur to 
that of volcanic action. A force which can melt up 
the solid materials of the earth, and by ejecting them 
as floods of lava over the surrounding districts can lay 
waste the most fertile regions of the earth; or by 
showering them as ashes to a distance, can overwhelm 
the fairest cities and entomb them for twenty centuries 
in the oblivion of the past; associated as its visitations 
frequently are with the fearful calamity of the earth- 
quake, which spreads a like wide and devastating 
destruction—a force so terrific as this is, unquestion- 


ably, without a parallel in its magnificent but dreadful 
effects.° 


* Allusion has already been made in the previous pages to the con- 
nexion between literature and science. The phenomenon here alluded 
to has given rise to perhaps the most perfect, as it is the most classical 
of modern fictions. Need we mention The Last Days of Pompeii? 
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This tremendous power is, as we have seen, most 
extensively developed in this singular region. When 
we contemplate not a single volcanic vent, not a soli- 
tary Vesuvius, an Etna, or a Hecla, but numbers of 
these comprised in a single district, we are compelled 
to recognise the vast and stupendous scale on which 
this fearful agency was exerted, at a period, the phe- 
nomena of which are unparalleled, not only at the present 
day, but during the whole history of the past. Having 
thus briefly pointed out the power of the Deity, ex- 
emplified on a scale of infinite majesty and grandeur, as 
regards the mightier manifestations of his power, we 
shall now call attention to the same attributes, as 
evinced in relation to objects conceived to be among the 
most minute and insignificant in creation. 

There is a little creature of the order of crustacea, 
some species of which inhabit our ponds and ditches, 
the body of the animal residing within its two cases, 
like the mollusc within the valves of a bivalve shell, 


FIG. 215. 


its principal organs of motion consisting of its antenna, 
or feelers, which protrude from between the valves, their 
terminations being furnished with cilia, or slender pen- 
cils of hair. These shields, or coverings, it throws away 
every year, and we may Judge to how great an extent, 
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and during how incalculably long a period, these crea- 
tures have continued to cast their coverings in the quiet 
waters of the lake, when we learn that beds of lime- 
stone, one hundred feet in thickness, are, in an essential 
degree, formed of the rejected coverings of these ani- 
mals, which divide the limestone into lamine, no thicker 
than the leaves of a book. 

Other beds are composed in a manner still more 
striking, and calculated yet more strongly to display 
the power of the Supreme, as regards the most ap- 
parently trivial of his creatures. There is an insect, 
called the phryganea, or may-fly, which, in its larva 
state, is called the caddis-worm, and is then employed 
by the angler in his cruel sport for the purpose of bait, 
and which possesses the following remarkable instinct 
as described by Kirby and Spence, in their valuable 
treatise on entomology. ‘‘ Not having the power of 
swimming, but only of walking at the bottom of the 
water, by means of the six legs attached to the fore 
part of the body, which is usually protruded out of the 
case, and the insect itself being heavier than water, it 
is of great importance that its house should be of a spe- 
cific gravity, so nearly that of the element in which it 
resides, as while walking neither to incommode it by 
its weight, nor by its too great buoyancy ; and it is as 
essential that it should be so dallasted in every part as 
to be readily movable in any position. Under these 
circumstances our caddis-worms evince their profici- 
ency in hydrostatics, selecting the most suitable sub- 
stances, and if the cell be too heavy, gluing to it bits 
of leaf or straw; or, if too light, shells or pieces of 
gravel.” The accompanying illustration depicts a case 
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of this kind in the possession of the author, in which 
the attached objects are a minute species of paludina, 
a fresh-water shell. 


FIG. 216. 


In a similar manner, a large and extinct species of 
-caddis-worm, which abounded in the ancient lakes of 
Auvergne, was accustomed to cover its case with the 
shells of a small species of the univalve genus paludina. 
Vast beds of the limestone of this region are essen- 
tially composed of these objects in a fossil state, and 
are termed indusial limestone, from the Latin indusiam, 
a case. When, as Mr. Scrope observes, we consider 
that ten or twelve of these cases may be packed within 
the space of a cubic inch, and that some single beds 
of this limestone may be traced over an area several 
miles in extent, we may form some idea of the count- 
less numbers of insects and molluscs, whose remains 
have contributed to form this remarkably constituted 
rock; while we can but be struck with the incalculable 
period required for its deposition, and the cycles of ages 
during which the tranquil waters of the lakes must 
have continued to deposit these singular sediments. 

Yet these indusial limestones form but a portion of 
the strata of the district, and the period of the lakes, 
however protracted, constitutes but a part of the changes 
indicated by the phenomena of the region, The va- 
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rious beds present a series of alternate volcanic and 
lacustrine deposits, an accumulation of clays, sands, brec- 
cias, beds of gypsum, and freshwater limestone, con- 
taining organic remains, both lacustrine and terrestrial, 
the spoils both of the lake and the land, with intrusions 
of volcanic matter, consisting of lavas, scorie, and 
basalts, to so enormous an extent, as to indicate no less 
than six successive eras of alternate activity and 
repose, each of vast duration, and tending, in the 
aggregate, immensely to increase the geological anti- 
quity of these formations, and consequently of the earth 
itself, 

The beds of freshwater limestone contain, in addition 
to vegetable remains, and land and freshwater shells, 
teeth and bones of the paleotherium, anoplotherium, 
deer, ox, martin, dog, &c.; while the overlying de- 
posits of sand and diluvial gravel imbed teeth and bones 
of the elephant, mastodon, hippopotamus, rhinoceros, 
tapir, horse, deer, ox, boar, hyena, bear, felis, dog, 
castor, hare, &c. 

The Abbé Croizet, some years since, formed an ex- 
tensive collection of the fossils of this interesting dis- 
trict, which was purchased by the French Government ; 
and pursuing the same researches he has succeeded in 
forming a second assemblage of similar objects. 

GENERAL CHARACTER OF THE COUNTRY AND ITS 
INHABITANTS.—We have already had occasion to observe 
that the character and history of an entire community 
are identified with their geological site and position, 
a fact which has been strikingly exemplified in the 
annals of the natives of Auvergne. They, like all 
mountaineers, and inhabitants of difficult and inaccessi- 
ble countries, haye ever proved themselves brave and 
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patriotic. Primitive in their habits, and faithful to their 
native soil and its institutions, they have offered a re- 
sistance to the invader which was the more vigorous 
from the advantages afforded by the inaccessible nature of 
the region. Their gallant chief, Vercingetorix, arrested 
a Cesar in his career of victory, and in a memorable 
battle defeated the Romans, with the loss of Lucius 
Fabius, Marcus Petreius, forty-four other centurions, and 
seven hundred soldiers.* In modern times, the feudal 
barons of the province, secure in the castles erected on 
the volcanic peaks of this singular region, long defied 
the sovereign power, and called forth all the policy of a 
Richelieu, and the energy of a Louis XIV., to reduce 
them within the rule of established authority. 

Erosive Force or StrEams.—The power of running 
water to erode the solid rocks, and to produce valleys 
by their currents, is most strikingly exemplified through- 
out the whole of this remarkable district. It is to be 
observed, that the erosive power of water has been aided 
by the proneness of the volcanic rocks to decompose. In 
some instances beds of lava have been corroded by waters 
which have worn through a mass of rock 150 feet in 
height, and have formed a channel even in the granite 
beneath, since the lava first flowed into the valley. In 
another spot, a bed of basalt 160 feet high has been 
cut through by a mountain-stream. In the valley of 
Monpezat, the mass of basalt has been similarly worn 
in more than one direction, by the powerful action of 
the rivers whose channels it had usurped ; its present 
disposition and the beautiful columnar ranges discovered 
by this excavation, may be judged by the following 
delineation, which is copied from the admirable work of 
Mr. Scrope. 


* Cesar, lib. vii. c. 48, 
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Dormant VoLcANogs OF THE RutneE.—The beauti- 
ful banks of the Rhine—the classic haunts of the tour- 
ist and the poet, the theme of a Byron and a Bulwer, 
are of course indebted, like every other region of the 
earth, to their geological condition for the advantages 
they enjoy. To their volcanic character and origin the 
scenery of this lovely land is indebted for its unrivalled 
beauty, and its celebrated wines for their flavour and 
their fame. ‘‘ The castled-crag of Drachenfels,”’ with 
the remainder of the Siebengebirge, or seven moun- 
tains, and the Eifel, on the opposite side, with every 
castellated summit throughout the entire region, from 
Bonn to Mayence, are so many piles of volcanic rock, 
the decomposition of which constitutes a rich and 
luxuriant soil, forming a very hotbed for the cultivation 
of the grape. The geological structure of the district 
differs from that of Auvergne in the circumstance that 
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the foundation-rocks are identical with those of the 
Silurian system of Mr. Murchison, consisting chiefly 
of coarse red sandstones and slate of peculiar kinds. 
Through these strata trachyte and basalt have forced 
their way, the trachyte being loose and liable to de- 
compose, and though much employed for building, 
proving a faulty and decomposing material. The cathe- 
dral of Cologne is built of the trachytic rock of the 
Drachenfels : it is, however, found so defective, that the 
additions to the edifice are executed with a more durable 
stone. The basalt is black, and frequently columnar ; 
the columns are used for pillars, posts, and paving. 
The walls of the town of Lintz, Mr. Horner informs us, 
are constructed of these materials: such, in short, is the 
profusion of volcanic rocks that they are applied to the 
meanest and most common purposes; and the writer 
remembers, while gliding in the steam-boat past the 
quay at Diisseldorf, to have seen pillars of basalt lying 
carelessly strewed upon the wharf, each of which would 
have been a prize to a public collection. The founda- 
tion-rocks are overlaid by a series of tertiary deposits, 
consisting of beds of sand, sandstone, clay, and lignite, 
forming what is termed the brown-coal formation. Over 
these beds are spread extensive layers of gravel, which 
are covered by a loosely-coherent sandy loam, provin- 
clally termed loess, containing recent species of land 
and fresh-water shells. Mr. Lyell, in his admirable 
Principles of Geology,® has treated at length of these 
deposits, and infers, as a general conclusion, that though 
the loess has been deposited since the existing system 
of the hills and valleys has prevailed, yet that import- 


* Vol. iv. p. 33, and sequel. 
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‘ant changes have taken place in the physical geography 
of the country since its deposition, and that all the land 
between Switzerland and Holland has undergone a 
subsidence and a subsequent elevation of many hundred 
feet. 

TERTIARY STRATA OF OTHER Recrons.—Similar 
dormant volcanoes exist in Hungary, Spain, and other 
parts of Europe, and the celebrated salt mines of Gal- 
licia, are referred by M. Boué to the tertiary epoch. 
Strata of the same geological date also occur in North 
and South America, where, in the Cordilleras moun- 
tains, Mr. Darwin has effected the farther discovery 
that granite has been fluid so late as the tertiary period. 
They exist in the Himalayah hills, and in Australia, 
and the latest accession to our knowledge of deposits 
of this character consists of the discovery by M. Boué, 
which has been confirmed by our countrymen, Messrs. 
Hamilton and Strickland, of a district in Asia Minor, 
in the vicinity of Smyrna, called the Karaxexavpem, or 
Burnt-up region, comprising the ancient Sardis and 
Philadelphia, which presents a very close resemblance 
to the volcanic tract of Auvergne. In each country 
are extensive lacustrine formations, cones of scoriz, with 
currents of lava, and occasionally continuous streams 
and thick beds of that substance, worn through by the 
action of running water. The Rev. Mr. Russell, a 
missionary to Madagascar, has informed the author that 
the interior of that island presents phenomena of similar 
nature. 

Fosst Inrusornta.—We have already alluded to the 
researches of Professor Ehrenberg, on the subject of the 
recent infusoria, and it is in strata of this formation 
that he has effected the striking discovery that a certain 
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kind of siliceous stone, called Tripoli, from the place in 
Africa where it occurs, and which is also found at Bilin, 
in Bohemia, and elsewhere, is entirely composed of the 
skeletons, or cases of microscopic animalcules. They 
consist chiefly of a species of gaillonella, the g. distans, 
and it is a well known circumstance that Ehrenberg 
ascertained them to be of such excessive minuteness, 
that every cubic inch of the substance contains 41,000 
millions of the mineralized skeletons of these micros- 
copic beings. It is a fact, however, not so generally 
known, that these remains are absolutely gigantic when 
compared with those of another species of the same 
genus. The well known substance, called bog-iron ore, 
or gelberde, the Professor has ascertained to be similarly 
composed of the thread-like cases of animalcules so 
inconceivably minute, the gaillonella ferruginea, that 
every cubic inch contains no less than two millions of 
millions of these once living and highly organized forms ; 
in other words, more than two million times the 
number of the whole human race now existing over the 
entire face of the earth. Such is creation !—what then 
the Creator ? 

The same strata, at Bilin, also presents a bed of semi- 
opal, which contains portions of animalcule, with the 
spicula, or internal siliceous supports of the spongilla, 
or freshwater sponge. The rock is conceived to have 
been formed by the decomposition of shells which have 
preserved and imbedded the siliceous fossils.* Pro- 
fessor Ehrenberg has also recently discovered, in the 
tertiary deposit of Eger, in Bohemia, a stratum two 
miles long, and twenty eight feet thick, composed 


* See the Infustonsthierchen, p. 170, art. Gutl. distans, 


CONCLUSION. 447 


almost entirely of fossil animalcules. More recently 
Professor Rogers, an American savant, has ascertained 
that a bed of older date than those in which similar 
remains have hitherto been detected, a stratum inter- 
posed between the eocene and miocene deposits, extend- 
ing over a considerable area, the city of Richmond, in 
Virginia, being built on its site, and twenty-eight feet 
in thickness, is composed of fossil infusoria, chiefly of 
the genera navicula and gaillonella. 

The remarkable‘composition of these singularly con- 
stituted rocks, be it observed, tends strongly to confirm 
the supposition of the organic origin of the calcareous 
deposits, which is now so generally entertained. 

ConcLusion.—We have thus brought to a close our 
remarks on this interesting and instructive-period of the 
history of nature. Our observations, however inadequate 
as compared with the themes which it is our purpose to 
describe, are more ample and extensive than those which 
we shall devote to either of the remaining formations, for 
the obvious reason that, as many of the phenomena of 
nature observable in the tertiary rocks are repeated in 
the older deposits, the explanation of these, in the first 
instance, will remove the necessity of their repetition in 
succeeding cases. The foregoing remarks, however, 
it is presumed have sufficed to prove those character- 
istic facts, which it is peculiarly the object of the 
beginner to acquire, and which were expressly stated 
at the commencement of the present chapter. 

Thus the deposition of the tertiary strata in depres- 
sions of the chalk and the older rocks, is demonstra- 
ted by the basins of London, of Hampshire, and the 
Isle of Wight, and of Paris; the changes in the level 
of land and sea are alike proved by the alternations 
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of freshwater and marine strata in the two last-named 
of these deposits, as well as in the phenomena of the well 
discovered in Brading Haven, and the presumed de- 
pression of Week Down: the existence of extensive 
lakes is shown by the lacustrine formations of the con- 
tinent of Europe: the development of volcanic agency 
is equally evident from the physical geography of 
Auvergne and the district of the Rhine; while the re- 
frigeration of the climate is similarly testified by the 
change in the forms both of animal and vegetable 
existence; in the one instance by the disappearance of 
colossal reptiles, the earliest prevalence of mammalia, 
and the approximation of the shells to living forms ; 
and, in the other, by the like gradual introduction of 
existing plants, and the more European character of the 
climate and its productions. 


EXERCISES 
ON THE TERTIARY 8YSTEM OF DEPOSITS. 


1. Explain the meaning of the term tertiary. 

2. Describe the geographical distribution of the strata 
appertaining to these formations. 

3. Name the chief authors and the secinel collec- 
tions of organic remains. 

4. Describe the characteristic features of these de- 
posits. 

5. Repeat the classification proposed by Mr. Lyell, 
the names of the divisions, and the relative proportions 
of shells identical with existing forms which determine 
them. | 
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6. Name the most important localities of these beds 
in this country. 

7. Mention the principal characteristic shells of the 
crag, and London basin. 

8. Describe the basin of Paris, its extent, and distine- 
tive organic remains. 

9. Name the chief features of the geology of Auvergne, 
its physical geography, alternation of deposits, fossil re- 
mains, and the changes and revolutions inferred from its 
varied phenomena. 

10. Mention the remaining deposits of this age and 
nature occurring in France. 

11. Name the fossil productions of Monte Bolca. 

12. Describe the physical geography of the banks of 
the Rhine, the alternations of strata, and the changes 
and revolutions thus indicated. 

13. Name the localities in which similar phenomena 
are observed in Europe. 

14. Mention the latest discoveries effected with re- 
ference to this period of nature's history in other parts 
of the globe. 
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Ir is the admirable remark of Lavater, that we cannot 
pick up a pebble by the way-side, but we find all 
nature in connexion with it; and thus a substance so 
common and familiar as a piece of chalk proves, on 
investigation, to be connected, in an intimate degree, 
with the physical history of our earth. The chalk con- 
stitutes the boundary of the secondary system of de- 
posits; it is the bed of a primeval ocean, of enormous 
area and extent, and it is from the spoils of this forma- 
tion that our existing islands and continents are largely 
composed. 

SuBDIVISION OF THE CHALK Formation.—The de- 
posits of the chalk are arranged under four principal 
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divisions, the first only of which is represented by the 
pure white limestone, which is so familiar to us as chalk. 
This chalk is again subdivided into two members, the 
‘ upper, or flinty chalk, and the lower, which is usually 
destitute of fiints. It is generally white, but, in some 
districts, red, yellow, grey, or nearly black. The 
second division is the marl, a clayey limestone, which 
universally prevails beneath the white chalk ; it occa- 
sionally contains a considerable admixture of green 
sand, when it is called glauconite, or firestone, being 
employed in the construction of ovens, from its power 
of resisting heat. The third is the galt, a provincial 
term, denoting a stiff, blue or black clay, abounding 
in shells, which frequently possess a bright metallic 
lustre; while the fourth consists of the green sand, 
which is divided into upper and lower, the lower 
division being of dark, ferruginous aspect, and separated 
from the upper by beds of clay. As strata appertain- 
ing to the green-sand formation are largely developed in 
various parts of the continent, particularly in the neigh- 
bourhood of Neufchatel, the French geologists have 
raised these deposits to an independent rank, under the 
title of the Systéme Néocomien, from the name of that 
town; assuming that these beds constitute the marine 
equivalent of the wealden formation. The fossils are 
the same as to genus, but differ in species from those 
of the green-sand. Mr. Austen has detected beds of 
this character, and containing similar fossils, both in 
Surrey, Kent, and the Isle of Wight, but as these 
unquestionably belong to the green-sand, it results that 
the hypothesis which would render these strata, as they 
exist on the continent, the equivalent of the wealden 
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formation must be abandoned, and, in all probability, 
they will eventually be found to be no other than that 
larger development of a peculiar deposit, which is a 
circumstance of very frequent geological occurrence. 

The fossils of the entire series are essentially the 
same, though presenting local varieties of genus and 
species. They consist of marine plants, sponges, corals, 
echinites, belemnites, ammonites, fishes, reptiles, and 
other marine exuvis, with occasional instances of wood 
and plants drifted from the land, the whole presenting 
forms of life specifically distinct from those occurring 
in the overlying beds; no species discovered in the 
chalk being identical with those of the tertiary deposits 
above. They evidently form the spoils of a primeval 
sea, which rivalled in extent the mighty oceans of the 
southern hemisphere at the present day; the chalk 
deposits extending over portions of the British islands, 
various parts of France, Germany, Denmark, Sweden, 
Russia, and North America. 

OriIGINn OF THE CHALK AND Fiint.—The idea which 
prevailed, up to a very recent period, as to the origin of 
these objects was, in substance, this :—It was conceived 
that streams, probably of thermal, that is, of hot waters ; 
but, at all events, such as were charged both with 
calcareous and siliceous matter, with particles both of 
lime and flint, were poured into the then existing ocean, 
and that, on mingling with the colder waters of that 
sea, both the calcareous and siliceous substances were 
precipitated in a solid state, and separating by the 
laws of chemical affinity, deposited the chalk and flint 
of this formation. The experiment may be partially 
realized by the student with the aid of any easily crystal- 
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lizable salt ; for instance, if a small portion of powdered 
alum be placed in a cup of hot water over night, it will 
be found precipitated in a solid state in the morning. 

It is well-known, however, that many distinguished 
observers had been induced to ascribe these substances 
to a different cause. It is now a century since Linnzus, 
as we have before observed, declared his conviction 
that the calcareous strata are of animal origin, and-the 
recent observations of microscopic observers have tended 
amply to confirm the conclusion of this greatest of ob- 
servers, Not only has Mr. Lonsdale discovered that 
the chalk, when reduced to powder, and appearing like 
mere grains of dust to the eye, consists, in fact, of 
well-preserved fossils of the beautiful forms depicted by 
Mr. Lyell, in his Elements; but the distinguished 
Ehrenberg has ascertained that these specimens are 
really gigantic, when compared with the smaller forms 
of life which are contained within them, and that the 
chambers and apertures of these foraminifera are filled 
with thousands of well-preserved infusoria, and other 
animalcular creatures, whose skeletons abound in every 
grain of chalk. 

In fact, we have only to grate a piece of chalk in 
water, and dry the particles thus obtained, and we shall 
find, on submitting them to the microscope, that in- 
stead of the mere shapeless grains which they appear 
to the unassisted sight, they present evident marks of 
structure, and are, in short, microscopic shells, or 
corals, or portions of these, all exhibiting indisputable 
proofs=of organic origin. 

As many of the other rocks are found on microscopic 
inspection to present similar appearances, it is con- 
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sidered that not only is the chalk of organic derivation, 
but that a large proportion of the sedimentary rocks, from 
the tertiary beds to the lowest fossiliferous deposits, are 
all derived from the same sources, and have all passed 
through the great laboratory of life. This opinion of the 
vital origin of the calcareous strata derives considerable 
confirmation from the operations of nature at the pre- 
sent day. Not only is it found that the coral insect is 
rearing its reefs and islands from the bosom of the deep, 
and uniting them into continents, but it is observed 
on the shores of many of the West India Islands, 
especially the Bermudas, that the coral formations 
being exposed to the abrading power of the waves, the 
sea becomes loaded with calcareous matter, a consi- 
derable portion of which is wafted to the shores in 
the state of fine sand, which, being drifted inland by 
the winds, becomes consolidated by the percolation of 
water, and the infiltration of crystallized carbonate of 
lime; so that a white calcareous stone is formed, of various 
degrees of hardness, from coarse friable limestone, to 
the compact stone employed in constructing the forti- 
fications of the island, but still including corals and shells, 
even in its firmest and hardest form. 

Lieutenant Nelson, in a highly valuable memoir on 
the geological formation of the Bermudas, states, that 
the whole of these islands, comprising a hundred and fifty 
in number, and perhaps many of the older rocks, as well, 
may be called organic formations, as they present 
but one mass of animal remains, in various stages of 
comminution and disintegration. From the most com- 
pact rock to the very sand of the shore, the materials 
are universally fragments of shells, corals, &c. In 
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another part of the memoir he ascribes the Bermuda 
chalk to animal origin, and suggests the extreme pro- 
bability, that the chalk of Europe was produced by 
similar causes, since their external and chemical pecu- 
liarities are as much the same as their common character 
of being marine deposits.* 

The celebrated human skeleton, of Guadaloupe, at 
present in the British Museum, has been already 
mentioned as being embedded in a limestone of the 
same modern character; and it is scarcely possible 
to conceive a more perfect analogy than is here pre- 
sented, between the operations of nature at the pre- 
sent moment, and those exhibited in the primeval 
zeras of her history. A striking demonstration is 
thus afforded of the efficacy of modern causes, a 
principle so admirably enforced by Mr. Lyell, in 
his larger work, by which that distinguished observer 
triumphantly proves the harmony of nature with herself, 
and shows that the chief mutations, and most striking 
phenomena which have occurred in the history of our 
earth, have been occasioned by causes analogous to 
those which are effecting similar changes, and pro- 
ducing corresponding results at the present day. 

Orcanic Nature oF Frint.—While the vital origin 
of the chalk, and the calcareous deposits, is thus con- 
ceived to be established, the attention of microscopic 
observers has been directed to the flint, and the noble 
President of the Royal Society, the Marquis of Nor- 
thampton, has discovered in flints from the chalk a 
minute univalve shell, allied to spirula, which his lord- 


* See Trans. Geo. Society, vol. v. p. 115. 
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ship has therefore termed spirolinites. The Rev. Mr. 
Reade has ascertained the presence in similar objects 
of organic substances, still more fragile and minute, 
such as the scales of fish, and even the cartilaginous 
support of the scale; while Mr. Bowerbank, by a series 
of microscopic observations, has arrived at the con- 
clusions which he has stated in a memoir, read before 
the Geological Society,* which are in effect that both 
the tabular and nodular masses of flint are due to 
sponges, and that the flints which fill up the cavities of 
shells and echini are owing to a similar cause ; in other 
terms, that every flint of the chalk, whether of a tabular 
or nodular form; or filling up a shell or an echinus; was 
once a sponge, which either grew in an independent 
position, or occupied cavities of the shells or echini in 
a manner analogous to that in which sponges are known 
to invest similar substances at the present day. 

Fossits oF THE CHALK.—These are extremely nume- 
rous and are entirely marine, consisting of sponges, 
corals, zoophytes, echini, shells, crustacea, fish, and 
reptiles. It may be considered as a strong confirma- 
tion of the views entertained by Mr. Bowerbank, that 
the flints of this deposit are so constantly associated 
with organic substances that it is scarcely possible to 
meet with a flint from the chalk which does not con- 
tain a sponge, zoophyte, or shell, or the impression of 
these objects. The following form of flint, which is by 
no means of uncommon occurrence, is owing to the 
silicification of a zoophyte, described by Dr. Mantell as 
a ventriculite. 


* See Transactions, vol. vi., p. 181. 
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FIG. 218.—Ventriculite silicified. 


The markings round the rim occasionally present a 
very striking appearance, and I am indebted to a friend 
for the fact, that a flint of this kind having fallen into 
the possession of a virtuoso, was transmitted to the 
Society of Antiquaries, for the purpose of deciphering 
the supposed inscription, when it was ascertained, but 
not till after considerable deliberation, that the charac- 
ters were inscribed by the hand of nature, and not by 
that of man. 

The corals are comparatively few, and chiefly of the 
smaller kinds, the madrepores and large stony species 
are absent, a fact which tends to prove, with other evi- 
dence, that the chalk was deposited in the abysses of a 
profound ocean, the nature of the larger species allowing 
them to exist only at moderate depths. Fossil zoo- 
phytes, of forms and characters peculiar to this forma- 
tion, the choanite, marsupite, &c., have been discovered 
and figured by Dr. Mantell in his various works. The 
latter he states to have borne much resemblance to the 
crinoidea, differing however in the fact that it was des- 
titute of a stem, or of any radical processes of attachment. 
It was a molluscous animal, having a central mouth, 
surrounded by tentacula or arms. The skeleton con- 
sisted of crustaceous, hexagonal plates, the arms of 
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numerous ossicula, or little bones. The creature 
doubtless had the power of spreading out these arms to 


seize its prey, and then of closing and conveying it to 
the mouth. 


FIG. 212.—The marsupite. 
The family of the echinodermata are extremely abun- 
dant, and the accompanying illustration depicts some 
of the most familiar of their forms. 


ani 


FIG. 220.—1. Nucleolites. 2. Cidarisdiadema. 3. Spatangus cor-anguinum. 
4. Ananchytes ovatus. 
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I am indebted to the kindness of J. Purdue, Esq., for 
a drawing of the following rare and beautiful species 
of cidaris, or turban-shaped echinus, collected by him 
from the Kentish chalk. 


FIG. 221.—Cidaris margaritifera. 


SHELLS OF THE CuaLK.—The accompanying figures 
represent several of the most usual shells of this 


deposit. 
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FIG. 222.—1. Belemonites Listeri. 2. Terebratulacarnea. 3. Plagiostoma 
spinosom. 4. Catillus (Inoceramus) Cuvieri. 
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Of the above, the catillus, also called the inoceramus, 
is a shell of thin and fibrous structure, and on this ac- 
count is rarely found in an entire or perfect state; the 
spondylus, also termed plagiostoma, is analogous to the 
thorny oyster, existing only in tropical seas at this mo- 
ment; the terebratula is a well-known shell, which, 
originating in the earlicst formations, and being pro- 
fusely distributed through the succeeding deposits, has 
dwindled down to two or three species at the present 
day ; while the belemntte was an internal bone or shell 
analogous to that of the sepia, or cuttle-fish, whose ske- 
leton is also internal. The living animal, it is well 
known, has the power of secreting a dark-coloured fluid 
or ink, which, when pursued by an enemy, it ejects into 
the water and escapes by favour of the darkness which 
it thus creates. This ink, which is contained in a bag, 
forms, when prepared, the sepia of the artist and enters 
into the composition of Indian ink. The belemnite 
has been discovered with the external sheath, the coni- 
cal, chambered shell, the ink-bag and bone; the ink 
though fossilized retaining its power so strongly, that 
having been prepared for use, it was employed by one 
of our most celebrated artists; and figures of the fossil 
creatures have actually been drawn with the sepia fur- 
nished from their own mineralized remains. 

SHELLS OF THE SUBORDINATE MEMBERS OF THE 
Cuatk Formation.—The following figures exemplify 
several of the most characteristic fossils of those de- 
posits which underlie the upper strata of the chalk,— 
the marl, galt, and green-sand. With reference to the 
galt, it may be observed that advantage is frequently 
taken of the soft nature of the substance, to mould 
it into round nodules, and to imbed in the masses 
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so formed, the characteristic shells of the forma- 
tion, 


F1G. 223.—1. Turrilites costatus, (Chalk Marl.) 2. Scaphites striatus, ( Marl. 
3. Hamites, (Marl.) 4. Catillus or Inoceramus sulcatus, (Galt.) 5. Ostrea 
carinata, (Green Sand.) 6. Catillus, or Inoceramus concentricus. 

The remains of asteriades, or star-fish, and of crus- 
tacea (chiefly crabs) of extinct forms allied to tropical 
genera have been discovered: teeth of sharks also con- 
stantly occur in a perfect and beautiful state of pre- 
servation. 

FisHes oF THE CuALK.— But the most important 
and interesting remains, exhumed by Dr. Mantell from 
this formation, consist of the numerous and admirably 
preserved fishes which he has extracted from their sepul- 
chres of the chalk. The history of the researches and 
discoveries of this distinguished observer in this, and 
an adjacent district of the same county, Sussex, both of 
which he has, by his persevering and successful labours, 
rendered classic ground to the geologist, would more 
than occupy the space allotted, in an elementary work, 
to the entire description of the whole formation. Suffice 
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jt to mention, that naturally conceiving that a sea 
could not be destitute of fish, Dr. Mantell, by stimulat- 
ing the labourers in the quarries adjacent to his place 
of residence, and assisting their researches by his per- 
sonal superintendence and exertions, succeeded, after 
many years of toil and research, in forming a collection 
of the fossil fish of these deposits, which, having con- 
stituted the admiration of individual savans, and fur- 
nished the materials for an entire portion of the work of 
Professor Agassiz on Fossil Fishes, has been deemed 
worthy of acquisition by the nation, has consequently 
been purchased by the Trustees of the British Museum 
and now forms a part of the National Collection.* 

Various specimens of these interesting objects are 
figured in Dr. Mantell’s Wonders of Geology, and we 
shall only select the celebrated specimen of Osmeroides 
Mantellii as the close of our observations on these 
singular remains. 

The fish here depicted is remarkable for presenting 
all the attributes of animation, and is perhaps, of all 
fossil objects, that which is nearest allied to life. The 
mouth is open, the gills are expanded, the fins are ex- 
tended, while the body is uncompressed, proving that 
the air-bladder was inflated; phenomena which show 
that the creature must have been living, moving, breath- 


* The following is the eulogy of Agassiz on this highly interesting col- 
lection :—“ Tout le monde sait que le Musée de M. le Dr. Mantel! est 
une collection classique pour la craie et la formation Veldienne. Les 
soins minutieux que M. Mantell a donné, depuis bien des années, a ces 
fossiles, les ont rendus plus parfaits que tous ceux des autres musées ; 
car, souvent i] est parvenu & les détacher, entitrement, de la roche dans 
laquelle ils se trouvaient ; ou du moins, a les produire en relief, en dé- 
tachant toutes les matiéres solides qui recouvraient les parties les mieux 
conservées de l’animal.” 
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ing when it was surrounded by the chalk, which, having 
been reduced to a fluid state by some agency (possibly 
volcanic) first choked the animal, and then by harden- 
ing and indurating round it, preserved it in its fossil 
state. 
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FIG. 224.—Osmeroides Mantellii, 


It may here be mentioned that F. Dixon, Esq., of 
Worthing, has formed a very splendid collection of the 
fossils of the chalk, comprising many rare and unique 
specimens, among which are examples of the hippurites 
and spherulites, which though not unfrequent in the 
cretaceous beds of the Pyrenees, and other parts of the 
continent, are most rare and uncommon in the English 
chalk. They will be figured and described in a forth- 
coming publication by this gentleman on the zoology 
of the chalk formation. 

Tue Mososaurvus.—The chalk of Kent and Sussex 
have likewise afforded teeth and vertebre of the moso- 
saurus, or lizard of the Meuse, a creature which ex- 
cited very considerable interest at the period of its dis- 
covery, though its fame has since been eclipsed, by the 
more colossal and splendid animal remains of the same 
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class, brought to light by Dr. Mantell, and other re- 
cent inquirers. It was a marine lizard, pronounced by 
Cuvier to have been intermediate between the monitor 
and iguana; it is conceived to have been twenty-five feet 
in length, and to have possessed a tail which, at some dis- 
tance from the body, became flat like an oar, and formed a 
powerful instrument of propulsion. The circumstances 
connected with its history, as related by M. Faujas 
de St. Fond, in his work on the subject, are of consider- 
able interest. It was discovered in the strata of St. Peter’s 
Mountain, at Maestricht, which are conceived to be of 
a character intermediate between the tertiary deposits 
and the chalk. It was first brought to light by the 
celebrated Hoffman, and, after six weeks of anxiety and 
toil, was extricated from its rocky tomb, and borne by 
the philosopher in triumph to his house. The ground, 
however, in which it was discovered proving to be part 
of the cathedral domain, the canon of that establish- 
ment succeeded, after a tedious law-suit, in establishing 
his right to the relic, and thus snatched his prize from 
the philosopher, who went to his grave regretting the 
loss. The events consequent on the French revolution 
brought a French army to the gates of Maestricht, and 
with it a committee of savans, appointed to secure 
possession of the specimen on the capture of the city. 
A flag of truce was accordingly despatched to the 
garrison, requesting that a signal might be hoisted 
on the town-hall, in which it was known to be depo- 
sited, with the view that no shot or shells should be 
fired in that direction. On the capitulation of the city, 
the philosophers hastened to the spot; but the treasure 
was flown; the promise, however, of a reward, consist- 
ing of some hundred bottles of the excellent wine of 
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the district, soon stimulated the French grenadiers to 
discover the object, and it was brought to the com- 
mittee, who were anxiously waiting to receive it. If the 
zeal felt by the French amid the excitement of a 
revolutionary war, to secure and preserve an object of 
scientific interest, appear deserving of commendation ; 
we can still less withhold our admiration of the feeling 
which induced them to seek out the family of the 
deceased philosopher, and pay to them what was 
deemed a fair compensation for the object. The relic 
itself having been received in commutation of a requi- 
sition levied on the captured city, was transported to 
Paris, where models of it were made under the super- 
intendence of Cuvier, one of which, a present from 
Cuvier to Mantell, is now in the British Museum. 

Mr. Mackeson, of Hythe, has recently discovered in 
the green-sand of that vicinity, the remains of a reptile 
of colossal size, now deposited in the British Museum, 
which, from the teeth exhibiting peculiar fold-like 
markings, Professor Owen has described under the 
name of the polyptychodon.* 

DENUDATION OF THE CHALK.—This brief epitome of 
the cretaceous deposits may be appropriately closed by 
an account of the denudation of the chalk, as it is 
usually termed ; that is, its removal from the valleys of 
the weald, which lie between the ranges of the north 
and south downs. The former present a range of 
chalk hills, which have a steep escarpmnent towards the 
south, and extend from Godalming, through Godstone, 
into Kent, terminating in the cliffs of Dovor. The 
latter are a similar series of elevations, which have a 
corresponding escarpment towards the north, and from 


* See Proceedings of the Geological Society, part iii. p. 449. 
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the promontory of Beachy Head, traverse the county 
of Sussex east and west, and pass by Hampshire 
into Surrey. 

At the base of each of these escarpments, the upper 
green-sand, and sometimes the galt, are first found to 
crop out, and we next reach the valleys of the weald. 
The chief proofs of the denudation or removal of the 
chalk, consist in the appearance of the strata in each of 
these escarpments. They terminate sharply, and it js 
evident must once have extended much farther, since 
they offer precisely such appearances as would be 
presented by the cutting off, in an abrupt manner, 
of strata which were previously continuous. Proofs 
no less conclusive are afforded by the conformation of 
the wealden beds themselves, since they present, in the 
elevation called the forest-ridge, which traverses the 
district in a direction nearly east and west, a perfect 
anticlinal axis, from which the strata diverge on each 
side towards the chalk-downs, affording the most con- 
vincing proofs of the elevation of these wealden depo- 
sits, and the consequent destruction and removal of the 
chalk and other beds, which may have been deposited 
upon them. It is farther conceived, that the tertiary 
strata which overlie the chalk in the vicinity of the me- 
tropolis once extended, in like manner, over the chalk 
which reposed on the weald, and covered with their 
deposits the whole area of the south-east of England. 
This supposition, which is highly probable in itself, re- 
ceives very powerful confirmation from the relics and 
outliers of the tertiary formations, which occur at Castle 
Hill, Newhaven, and near Seaford. 

In reviewing the characters of the chalk formation, 
we shall find them to exemplify those features which 
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we were desirous, at the commencement of this sketch, 
to impress on the attention of the beginner. We have 
evidence that these varied strata are the mineralized bed 
of a vast and extensive ocean, which rivalled in grandeur 
and expanse those which prevail in the southern hemi- 
sphere at the present day. It abounded in the usual 
forms of marine organic existence, and the fossil remains 
of its former inhabitants are sea-weeds, sponges, corals, 
zoophytes, shells, crustacea, fish, and reptiles. Its 
climate was obviously tropical, and its forms of life were 
allied to those which now occur only within a limited 
space from the equator. These forms are distinct not 
only from such as exist at the present day, but even from 
those which are discovered in the deposits which suc- 
ceed. In many instances, the genus, in all, the species 
became extinct with this system, and it affords a striking 
illustration of creative power and wisdom, that of the 
myriads of types of organic existence which abounded 
in the waters of this peculiar ocean, not one survived 
in the seas which succeeded it.* 


EXERCISES 


ON THE CHALK FORMATION. 


1. Describe the geographical distribution of the chalk 
deposits in this country. 

2. Name the autoors and collections. 

3. Mention their occurrence in other countries. 

4. State the distinctive features of this formation. 

5. Mention the separate divisions of these strata in 


* See Appendix C. 
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this country, and the mineral character, distinguishing 
features, and general characteristics of each. 

6. State the opinions heretofore entertained of the 
origin of chalk and flint. 

7. Explain those of later observers. 

8. Describe the physical geography of the formation, 
and point out the area of the denudation of the chalk. 

9. Mention the arrangement of the fossil fish by Pro- 
fessor Agassiz. 

10. Name any remarkable fossil objects discovered in 
this formation. 

11. Relate the discovery of the mososaurus. 

12. State any facts of general and instructive interest 
connected with the history of these deposits. 

13. Finally, convert the statements of the foregoing 
chapter into questions, and give answers on the most 
important points of its history. 


CHAPTER XIII. 
THE WEALDEN FORMATION. 


WEALDEN FORMATION OF ENGLISH ; PORMATION VELDIENNE OP FRUINCH 
AUTHORS. 


MUSEUMS: THE MANTELLIAN COLLECTION, NOW IN THE BRITISH 
MUSEUM; THOSE OF MR. HOLMES, OP HORSHAM, OF MR. BOWERBANE, 
MR. SAULL, AND SOME PRIVATE CABINETS IN SUSSEX. 


AUTHORS: MANTELL, FITTON, MURCHISON, MARTIN, 


CHARACTERISTICS: ITS UNIQUE CHARACTER AS THE ONLY PLUVIATILE 

' SECONDARY FORMATION, ITS FOSSIL REMAINS BEING ALSO PLUVIATILE 
AND TERRESTRIAL; THE SPOILS OF THE RIVER AND THE LAND, NOT 
OF THE SEA. 


THERE is one feature, as stated above, which will serve 
not only to identify this formation, but to invest it 
with new and peculiar interest. It is a fresh-water 
deposit, the only one of that character, with the excep- 
tion, it may be said, of the coal, which exists in the 
vast range of the secondary rocks, the rest being all 
marine, the beds of ancient seas, as this is the deposit 
of a river; and affording, with the coal, almost the only 
testimony we possess of the ancient land. Its organic 
remains are, of course, of like fluviatile nature, result- 
ing from the sediment of some enormous body of fresh- 
water, and consisting of plants, shells, and fish, and 
above all, of reptiles of enormous size. 

Irs CHARACTER DISCOVERED BY Dr. MANTELL.— 
We are only repeating a remark which has frequently 
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suggested itself in the course of these pages, that 
geology is a study far too extensive to be pursued in 
its whole extent by any single mind ; and that the most 
eminent and successful cultivators of the science, while 
they have directed their observations to its gencral 
objects, have confined their peculiar attention to some 
single and fertile field. Thus, while a Lyell has most 
assiduously and successfully studied the tertiary depo- 
sits both of this country and the continent of Europe; 
while a Buckland has investigated the oolite, and dis- 
covered the megalosaurus; and a Murchison has ex- 
plored the various formations extending from the heart 
of Wales to that of England, and from the county of 
Radnor to that of Gloucester, Dr. Mantell has the 
honour of having determined the true character of those 
singular deposits of which we are about to treat. And 
as in describing the preceding formation, we mentioned 
his labours as those of a most zealous and successful 
inquirer, we have now to narrate such additions to our 
stock of knowledge, as must entitle their author to rank 
in the highest order of original discoverers. 

ForMER ERRONEOUS OPINION OF THESE Derosits.— 
The strata which we are describing are situated between 
the North and the South Downs, forming the district 
denominated the weald, from the German trald, a wood, 
the whole tract having at a former period been occupied 
by extensive forests. From lying between the two 
ranges of chalk-hills just mentioned, the locality was, 
some few years since, regarded as appertaining to that 
group, and being chiefly composed of clays, sands, and 
sandstones, was believed to belong to the green-sand, 
the lowest member of the chalk-formation ; and according 
to this supposition its fossil remains should have been 
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of the same marine character as those of the other 
beds of the system. Dr. Mantell, however, was struck, 
at a very early period of his researches, by observing 
that the fossils which he collected from these deposits 
were none of them marine, but wholly of fluviatile 
character. Instead of the sea-weeds, sponges, corals, 
shells, and the other exuviz of the ocean which he 
discovered in the chalk, he found only vegetable re- 
mains, leaves, branches, and stemsof plants, with bones 
of reptiles, and fresh-water shells; in short the spoils, 
not of the sea, but of the river and the land. They all 
wore marks of long continued drift and transport, the 
stems were deprived of their branches, the branches 
denuded of their twigs and leaves, while the animal 
remains bore similar proofs of maceration and destruc- 
tion, arising from the action of a river or a stream. 
Pursuing these inquiries with characteristic ardour and 
perseverance, Dr. Mantell was at length enabled not 
only to determine the true character of these strata, 
and to establish the fact, that instead of being of marine, 
they were of fluviatile origin; the deposits not of the 
ocean which deposited the chalk, but of some enormous 
river, some Ganges or Mississippi of the ancient earth ; 
but from the evidence of drift and transport to which 
we have alluded above, he arrived at the conclusion 
that this peculiar district formed the delta of the ancient 
stream, the very point at wnieh it poured its mighty 
waters into the sea. 

This estuary nature of the wealden formation is uni- 
versally acknowledged and received, the only statement 
at all differing from the character assigned to it by Dr. 
Mantell having been expressed by Professor Phillips, 
who has suggested that its deposits were possibly formed 
by several small streams, rather than by a single and 
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extensive river. But with all deference due to the 
opinion of so accomplished and so accurate an observer, 
the author of these pages would submit that the colossal 
forms of animal life discovered in these strata obviously 
bespeak an area of corresponding magnitude and extent. 
No petty stream, it may be assumed, could have fur- 
nished provision and abode for the large fish of these 
waters, the lepidotus, still less for the enormous igua- 
nodon, and the possibly still more colossal cetiosaur. 

CLASSIFICATION AND EXTENT oF THE WEALDEN 
Derosits.—The beds of the entire group are usually 
separated into four divisions :— 

1. The weald clay, a stiff blue clay, with beds of 
shelly limestone, called Sussex marble. 

2. The Hastings beds, consisting of sands and sand- 
stones, alternating with clays and limestones. 

8. The Ashburnham beds, comprising clays, shales, 
and bluish grey limestones and sandstones. 

4. The Purbeck beds, including clays, sandstones, 
and shelly limestones, called Purbeck marble. Lime- 
stones with layers of vegetable mould, and remains of 
trees in a vertical position ; the fossil forest of Portland. 


GEOGRAPHICAL DiIsTRIBUTION.—These deposits ex- 
tend from Horsham to Hastings, where they terminate 
at the sea. They are, however, conceived to prevail 
beneath the British channel, since they re-appear in 
the valley of Braye, in the province of the Boulonnais, 
in France, thus occupying an area of 200 miles from 
west to east, and 220 from north-west to south-east, 
the total thickness being about 2,000 feet. Similar 
deposits occur in Scotland, and strata of like nature, 
resembling the weald-clay, and Hastings sand, have 
been discovered by M. Roemer, in Germany, where 
they occur near Helmsted, and extend westward from 
Hanover, by Minden to Iburg and Rheine, near Minster 
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in Westphalia, abounding in seams of coal of good 
quality, from one to three feet thick. Deposits of 
like character occur in the Isle of Bornholm, and with 
the progress of geological investigation, other instances 
of their occurrence will doubtless be traced, since the 
land which gave rise to the river of the weald was, 
unquestionably, drained by other rivers flowing in va- 
rious directions. 

Tue Isite or Purseck.—We will first advert to the 
outlying portions of this singular formation, as displayed 
in the Isle of Purbeck, the Isle of Portland, and the Isle 
of Wight, before we call attention to the weald itself. 
The isle, or peninsula of Purbeck, exhibits numerous 
instances of those dislocations of the strata which insular 
regions so constantly present. On the western side of 
the island in particular, the chalk is raised to a vertical 
position, and the wealden beds beneath are clearly dis- 
played. The limestone which underlies the chalk is 
well known under the denomination of Purbeck marble. 
It is composed of small freshwater shells intermixed 
with the minute shelly coverings of a species of cypris. 
(See page 477.) This limestone was so extensively 
employed during the middle ages for the embellishment 
of ecclesiastical edifices, that there is scarcely a cathe- 
dral or church of importance in which the Purbeck 
marble is not used for the purpose of decoration. 

Iste or PortTLanp.—But a neighbouring island 
affords similar phenomena still more interesting and 
. instructive. The Island, as it is called, of Portland, 
is a bold promontory off Weymouth, sloping gradually 
towards the land: it is about four miles and a half 
in length, and two in breadth, and is united to the 
mainland by what is called the Chesil beach, a deposit 
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of pebbly shingle, the name of which is evidently derived 
from the German kiesel, a pebble. 

The base of the island consists of Kimmeridge clay, 
and the oolite limestone, which supplies the celebrated 
Portland stone for building, on which is placed a mass 
of bituminous earth called the dirt-bed, which is an 
ancient vegetable soil, containing numerous fossil trunks 
of trees, standing erect at a height of from one to three 
feet, with the summits jagged as if they had been broken 
off by a hurricane. 


FIG, 225. 


They are placed at the same distance from each other, 
as trees usually occupy in a forest, and have their very 
roots attached, showing that they now occupy the same 
spot on which they once lived and flourished. 

The same bed of earth contains many remains of 
plants allied to the recent cycas and zamia, the former of 
which is figured below. From their rounded shape they 
are called birds’ nests, by the workmen. 
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They are termed cycadeoidea, by Dr. Buckland, but 
are styled Mantellia, by M. Adolphe Brongniart. The 
dirt-bed is also traced on the main-land, being seen in 
the same relative position in the cliffs of Lulworth 
Cove, on the adjacent coast of Dorsetshire, where, how- 
ever, the strata having been inclined to an angle of 45 
degrees, the dirt-bed, with its fossil trees, is inclined 
with them, presenting the most convincing evidence 
of the disturbance of strata, since it is obvious that the 
trees must have grown erect and subsequently have 
been inclined with the bed in which they grew. 

It has recently been ascertained that the forest of the 
dirt-bed was not the earliest vegetation of this locality. 
Two beds of carbonaceous clay have been discovered 
beneath it, one of which contains cycadeoidea in an erect 
position, from which fact, in conjunction with the rest, 
the following changes are conceived to have occurred 
in this remarkable and highly instructive district. 

1. The existence of the sea which deposited the 
oolite. 

2. Land which supported the vegetable soil with 
cycadeoidea. 

3. A Jake or estuary in which freshwater strata were 
deposited. 

4. A second prevalence of dry land, on which 
flourished cycadeoidea, and a forest of dicotyledonous 
trees. 

5. A second submergence under fresh water, during 
which the wealden strata were gradually formed. 

6. A prevalence of the waters of the ocean during 
the period of the chalk formation. 

And yet the multifarious changes of this remarkable 
region appear to have taken place in so gradual, so 
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gentle a manner, that not only have the fossil trees 
retained their position, but even a bed of loosely-cohe- 
rent earth has not been swept away amid the revolutions 
of which this singular locality has been the scene ! 

WEALDEN STRATA OF THE IstzE oF Wicut.—The 
wealden beds are extensively developed at the back 
of the island, and constitute the foundation-deposits 
of its southern part, occurring at Sandown Bay, Brooke, 
and Mottestone. Portions of trees and vegetable 
remains are frequently washed out of the cliffs, and 
bones from the wealden strata, which here form the bed 
of the British Channel, are cast on this and the adjacent 
shores of the mainland. 

Orcanic Remains oF THE WeEatp.—The fossil 
relics of this formation consist of vegetables, fresh- 
water shells, and shelly limestones ; with remains of 
birds, fishes, turtles, pterodactyles, or winged reptiles, 
and reptiles of colossal size. The shells are almost 
exclusively of freshwater origin, consisting of the 
genera cyclas, unio, and paludina, with some occasional 
admixture of marine and estuary species. The reptile 
remains have been almost wholly discovered and deter- 
mined by the inquiries of Dr. Mantell, and are chiefly 
referable to the genera iguanodon, hylosaurus, plesiosau- 
rus, megalosaurus, cetiosaurus, &c. The plants are en- 
tirely of monocotyledonous order, none of dicotyledonous 
structure having been discovered in these deposits. 
They consist chiefly of such as are allied to the fern, 
palm, yucca, dracezena-draco, or dragon’s blood plant, 
and other vegetable productions of the torrid zone, 
among which are examples of sphenopteris, clathraria, 
lonchopteris, &c. &c. The first two are depicted on the 
next page. 
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FIG. 227.—Sphenopteris Man- FIG. 228.—Clathraria Lyellii. A plant 
tellii. allied to the palm; a, the axis; 4, the 
false bark with markings of the attach- 

ment of the leaflets. 


The shells are of freshwater species, chiefly of the 
genera, cyclas, unio, and paludina. 


FIG 229.—1. Cyclas. 2. Cypris granulosa. 3. Paludina vivipara. 
4. Neritina, natural size and magnified. 


Sussex Marsie.—The weald clays contain beds of 
limestone made up of a few species of the univalve above- 
mentioned, called paludina, a freshwater snail, common 
in rivers and lakes. This substance, which when 
polished is called Sussex marble, was used for orna- 


478 SUSSEX MARBLE. 


mental purposes, as far back as by the Romans, during 
their occupation of our island, and possibly by our 
British ancestors before them. During the middle ages 
it was employed for the decoration of cathedrals and 
churches, and is still extant in many of our ecclesiastical 
edifices. It forms a row of columns in Chichester 
cathedral] ; and in that of Canterbury, the throne of 
the Archbishop is formed of the same material. How 
instructive is the fact, that the mere slime and mud of 
this river of the past, together with the snail-shells 
which they contained, have been elaborated by the 
chemistry of nature into a substance, which, during 
two thousand years, has ministered to the wants, fur- 
nished the luxuries, and served for the most hallowed 
uses of man; supplying the materials from which he 
has alike adorned his dwellings, constructed the tombs 
of the departed, and embellished the temples of his 
God! A highly interesting proof of its employment by 
the Romans was afforded by the circumstance, that 
while digging the foundation of the present Council- - 
house, at Chichester, in 1723, the workmen discovered 
a slab of grey Sussex marble, which they ignorantly 
fractured, but which being collected, bore an inscription 
of which the following is a translation, and which re- 
cords the dedication of a temple, as follows :— 

‘The college, or company of artificers, and they who 
preside over sacred rites, or hold offices there, by the au- 
thority of King Cogidubnus, the legate of Tiberius Clau- 
dius Augustus, in Britain, dedicated this temple to Nep- 
tune and Minerva, for the welfare of the imperial family ; 
Pudens, the son of Pudentinus, having given the site.” 

The stone was of grey Sussex marble, was six Roman 
feet long, and two broad, and the letters, which are 
carved with singular correctness are, in the first two 
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lines, three inches, and in the others, two and three 
fourths in length. It was presented, soon after its 
discovery, to the Duke of Richmond, and is still pre- 
served at Goodwood, affixed to the wall of a temple 
erected in the gardens. The learned antiquaries of 
that day, particularly Roger Gale, who has printed 
a long memoir respecting this inscribed stone, in the 
Philosophical Transactions, vol. xxxii. No. 379, have 
decided from internal evidence, that it is the earliest 
memorial of the Romans hitherto discovered in any 
part of Great Britain. 
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FIG. 230.—Sussex marble. 


Fossit Fish.—The strata of the weald have also 
yielded the scales, rays, teeth, and bones of fish, chiefly 
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of species allied to the lepidotus, or bony pike; a fish 
which now inhabits the vast lakes of the North Ame- 
rican continent. These remains usually occur in a 
fragmentary condition, occasioned by the transporting 
action to which they have been exposed. Other species 
are also discovered, allied to the shark, and ascribed to 
the genera pycnodus, and hybodus, the whole of the 
fishes discovered in the weald being essentially distinct 
from those of the chalk. ; 

TurtTLEs.—The bones and other remains of turtles 
referable to one marine, and two freshwater species, 
the emys and trionyx, have also been exhumed from 
these deposits. The teeth and bones of crocodiles of 
two species, the one allied to the gavial, or the variety 
with long slender beaks and muzzles, the other more 
nearly resembling the common crocodile, have also 
been discovered; and at Swanage, in Dorsetshire, a 
highly interesting specimen of a crododile, termed by 
Professor Owen goniopholis, from the angular nature of 
its scutes, was some time since brought to light, which 
comprised a considerable portion of the osteology, 
including the two jaws, the lower containing two teeth 
in situ, with several other scattered teeth, portions 
of the pelvis, the ribs, the dermal plates, &c. The 
specimen passed, with the rest of Dr. Mantell’s collec- 
tion, to the British Museum, where it is now publicly 
exhibited. 

CoLossaAL REPTILES, THE IGUANODON.— But the most 
important discoveries effected by Dr. Mantell, in a 
region which he has raised to geological celebrity and 
interest, consist of those enormous reptiles which he 
has exhumed from this locality. For a complete and 
highly interesting account of these researches, the 
reader is referred to Dr. Mantell’s own writings, par- 


TOOTH OF IGUANODON. 481 


ticularly his Fossils of Tilgate Forest, and his Geology 
of the South-east of England. The following sketch 
will afford some idea of his arduous and persevering 
labours, and their highly important and successful 
results. He had long been in the habit of discovering 
bones which he was unable to refer to any known 
forms of existence, recent or extinct. Their charac- 
ters were such as referred them to a reptilian type, 
yet their enormous size seemed to preclude such a 
supposition, for a reptile larger than an elephant seemed 
too monstrous for belief. At length, the discovery of 
the mere mutilated fragment of a single tooth induced 
so acute an observer to conceive the existence of a 
gigantic herbivorous creature, holding the same rank 
among reptiles which was occupied by the elephant and 
mastodon among the mammalia. The following illus- 
tration, supplied from the work of Dr. Mantell, will 
serve to convey an idea of the teeth. 


FIG. 231.—Tooth of Iguanodon. 


They are of prismatic form, with prominent ridges 
in front, and notched or serrated edges; the enamel is 
thick before and thin behind, so as constantly to main- 
tain a sharp and cutting edge. The structure of the 
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teeth, and the wearing away of the surface, prove that 
they are referable to a species that fed on vegetables ; 
the absence of a fang, and the appearance of the base, 
which is not broken off, but indented, show that the 
fang has been absorbed by the pressure of a new tooth, 
which has grown up and supplanted the old one. Dr. 
Mantell having recognised in the above the characters 

of the reptilian type of existence, examined the various | 
dental structures of this peculiar race of animals, till 
in the teeth and jaws of the iguana he recognised the 


miniature resemblance of its culossal prototype. | 
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FIG. 232.—Jaw and teeth of Iguana. 


In the above figure, No. 1, is the inner surface of the right 
side of the upper jaw; No.2, a portion magnified four 
diameters; No. 3, a single tooth, largely magnified. At 
a, a, the intrusion of the new tooth into the base of 
the old is beautifully shown. The jaw forms a pa- 
rapet on the outside of the teeth, but they have no 
protection inside, except the gum. The prismatic form 
of the teeth, the notched and serrated edge, the re- 
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placement of the old tooth by the new, the absorption 
of the fang, the mode of insertion in the jaw, the sin- 
gularly minute size of the teeth, contrasted with that 
of the creature to which they belong: these, with other 
characters, amply sufficed to ally the recent with the 
fossil species, and induced its discoverer to name the 
new-found creature the iguanodon, a term signifying 
that the animal had teeth resembling those of the iguana. 
It may be added that the iguana is a land-lizard, a 
native of many parts of America and the West Indies. 
They are from three to five feet in length, feeding chiefly 
on insects, and the tender shoots of vegetables and 
plants. 

Horn or THE IGuaNopon.—Many species of the 
iguana have large serrated processes along the back, 
while some have warts or horny protuberances on the 
head. The iguana cornuta, in particular, which is a native 
of St. Domingo, has a small conical horn or process ; 
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FIG. 233.—Iguana cornuta. 


the fossil relic depicted on the next page has, there- 
fore, been referred by Dr. Mantell, with the sanction 
of Cuvier, to its extinct prototype, and is conceived to 
be the horn of the iguanodon. 

x2 
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FIG. 234.—Horn of the Ignanoden.® 


S1zz oF THE IcuaNopon.—From a careful com- 
parison of some of the fossil bones with those of the 
existing iguana, Dr. Mantell arrived at the following 
approximation to the dimensions of this gigantic saurian. 
Extreme length, 70 feet; circumference of the body, 
14} feet; length of the tail 524 feet; and of the hind 
foot, 64 feet. Indeed the most casual observer who 
may visit the British Museum has only to clothe, in 
idea, the colossal bones there exhibited, (one thigh- 
bone being three feet in length and eight inches in 
diameter), with their appropriate investiture of flesh, 
scales, or skin, to recognise the gigantic dimensions of 
this enormous reptile of the past. Vast as the propor- 
tions above stated may appear, there are individual 
bones which indicate a much larger size, while speci- 
mens are frequently acquired by other collectors, which 
alike bespeak the still more gigantic dimensions of the 
creatures of whom they formed a part. The cabinet of 
Mr. Saull contains specimens of enormous size, among 


* The above specimen, which is placed with the rest of Dr. Mantell's 
collection in the British Museum, was considered unique, till Mr. 
Bass, jun., of Brighton, a short time since, possessed himeclf of another. 
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which an enormous claw-bone is particularly to be 
mentioned; while Mr. Holmes, of Horsham, has some 
chevron-bones, those attached to the caudal vertebre, 
or joints of the tail, which must have belonged to an 
individual far surpassing even the colossal proportions 
cited above. 

Tue Marvstonge Icuanopon.—The discovery of the 
Maidstone iguanodon, so called from its having been 
discovered near Maidstone, which comprises a larger 
portion of the entire skeleton than had previously been 
found in a connected form, has served to confirm, in 
several important particulars, the assumptions which 
Dr. Mantell had been induced to form, relative to its 
general structure. This specimen. was discovered in 
the green-sand formation, acircumstance which serves 
to prove that the existence of the genus was protracted 
till an early period of the chalk formation ; and it is con- 
ceived that, as the remains of the crocodiles and alli- 
gators are now borne by tropical rivers to the ocean, 
into which they discharge themselves, so these remains 
have, in like manner, been floated from the then exist- 
ing river to the sea into which it flowed. 

Tue Hyzosaurus.—A reptile of another genus, but 
of the same class, was also brought to light by the same 
eminent discoverer from the strata of this singular region. 
The peculiarity of this creature consists in the large 
angular spinous bones which lie embedded with the 
skeleton, and which are thus explained. Many existing 
iguanas, as previously mentioned, (see tguana cornuta, 
p. 483.) have a fringe of cartilaginous spines, extending 
from the neck to the tail. In the extinct reptile this 
appendage is conceived to have been of bene, and to 
have in like manner been inserted along the back of the 
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animal. The creature is named hylosaurus, a term in- 
tended to signify that it is the lizard of the weald, or the 
wood, from being found in that peculiar district, and 
the chief portions of its osteology, discovered by Dr. 
Mantell, are now displayed in the British Museum. 

PrTeRoDACTYLES.—Single bones, which are long and 
slender, and adapted for an animal capable of flight, 
have been found in the same formation, and have been 
referred to those singular creatures, whose osteology, 
as discovered by Cuvier, in formations of still earlier 
date, is depicted below. The name literally indicates 
that they were wing-toed animals, analogous to the bats 
of the present day, and uniting the characters of the 
bird and the reptile. 


FIG. 235.—Pterodactylus crassirostris. Goldfuss. 
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The enumeration of Dr. Mantell’s discoveries in this 
peculiar district may be closed, by mentioning the occur- 
rence of the bones of birds, supposed to be allied to the 
heron, which have been found in the same deposits, 
constituting the earliest evidence of the existence of the 
feathered tribes in the history of the ancient earth. 

The collection formed by this distinguished discoverer 
from these strata has been removed, as before mentioned, 
to the British Museum. It comprises a vast assemblage 
of teeth and bones, chiefly referable to those reptile forms 
of life which we have already described, as well as of 
others which have not hitherto been identified with any 
known species, together with similar remains of the 
plesiosaurus and megalosaurus, which also occur in the 
underlying deposits of the oolite and lias. Professor 
Owen has directed his peculiar attention to these highly 
interesting remains, and among the most recent addi- 
tions to our previous stores of knowledge in this de- 
partment, we would mention the following circumstance. 
Among other objects heretofore unappropriated to any 
definite species, are a suite of four enormous vertebra, 
which Dr. Mantell had provisionally assigned to the 
iguanodon, though he had repeatedly expressed to the 
writer of these pages his conviction that they belonged, 
in all probability, to some other and still more gigantic 
reptile. Professor Owen, on a careful inspection, has 
referred them to cetiosaurus, a new and colossal 
genus of saurians, discovered by himself in the oolite 
formation. | 

DENUDATION OF THE STRATA OF THE WEALD.—In 
conclusion, we would advert to the evidences of denu- 
dation before alluded to, as so extensively presented 
throughout this and the superincumbent formation. The 
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removal of the chalk, and probably of the overlying 
tertiary deposits; the evident abrasion of the wealden 
beds themselves ; the proofs of displacement and frac- 
ture which they present; the anticlinal axis exhibited 
throughout a considerable part of their range; the 
fissures which, extending at right angles to the anti- 
clinal line, form the present drainage of the district, 
and constitute the beds of the rivers Arun, Adur, 
Ouse, and Cuckmere; these, with other facts of like 
import, obviously prove that these strata have under- 
gone upheaval and disturbance, and consequent frac- 
ture and dislocation, on the most extensive scale, at a 
comparatively recent period, probably during the ter- 
tiary epoch, and subsequent to the deposition of the 
chalk. 


IXERCISES 


ON THE WEALDEN FORMATION. 


1, Explain the derivation of the term weald. 

2, Name the authors and collections of fossils. 

3. Mention its most important characteristics. 

4. Describe the geographical distribution of its de- 
posits. 

5. Point out the instances of their occurrence in 
foreign countries. 

6. Name their discoverer. 

7.- Describe the general classification of its strata. 

8. Mention the most important localities of its occur- 


rence. 
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9. Describe its chief organic remains, and the infer- 
ences deducible from their occurrence. 

10. Point out the chief physical features of these strata 
and their evidence of disturbance. 

11. Name any peculiar phenomena which are observ- 
able in deposits of this nature. 

12. State any particulars of general or local interest 
connected with the history of this formation, and pur- 
sue the method of question and answer suggested in the 
previous chapter. 


CHAPTER XIV. 
OOLITE PORMATION. 


OOLITIC PORMATION OF ENGLISH; CALCAIRE JURASSIQUE OF FRENCH; 
JURAKALK, AND ROGENSTEIN OF GERMAN AUTHORS. 


MUSEUMS :—GEOLOGICAL SOCIETY; BRITISH MUSEUM ; THAT OF DR. BUCK- 
LAND; THE BATH, BRISTOL, YORK, SCARBOROUGH, HULL, WHITBY, AKD 
GRANTHAM MUSEUMS; WITH NUMEROUS PRIVATE COLLECTIONS. 


AUTHORS :—BUCKLAMD, LONSDALE, SMITH, PHILLIPS, DE LA BECRF, 
MURCHISON, BOBLAYE, DE CAUMONT, DESNOYERS, GOLDFUs8, &c. 


CHARACTERISTIC8 :—MARINE, CONTAINING THE USUAL MARINE EXUVIR, 
WITH OBJECTS DRIFTED FROM THE LAND, AMONG WHICH ARE REMAINS 
OF TWO SPECIES OF MAMMALIA, OF THE MARSUPIAL ORDER; ITS ECONO- 
MICAL VALUE, 48 FURNISHING THE GREAT SUPPLY OF BUILDING-STONE. 


DeEscENDING a step in the scale of deposits, we reach 
the oolite system, which underlies the wealden, or, 
where this is wanting, the chalk formation. Its name 
is derived from the Greek words, wov, an egg, and Aros, 
a stone, because it is formed of small egg-like grains, 
like those composing the roe of a fish, the nucleus of 
which, on microscopic investigation, is found to be some 
minute organic substance, usually a fragment of a coral, 
ora shell. The Germans, in their rich and significant 
language, term it Rogenstein, or roe-stone. 
GEOGRAPHICAL DisTRIBUTION OF THE OoLITE.—The 
series of these deposits commences at the Isle of Port- 
land, and the adjacent coasts of Dorset; and follows a 
winding course through the counties of Dorsetshire, So- 
mersetshire, Gloucestershire, Oxfordshire, Northampton- 
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shire, Lincolnshire, and Yorkshire, where it terminates 
at the sea, near Scarborough. 

On the continent, the formation occurs in Normandy, 
and diverging into various branches of hills, traverses 
France, forms the mass of the Jura mountains, (whence 
it is frequently called the Jura limestone,) and part of 
the Alps, and is farther developed in Germany and 
Poland, as well as in Portugal and Spain. 

The three formations of the oolite and lias, and new 
red sandstone, are frequently called the medial second- 
ary formations. The oolite group is highly valuable 
in an economical point of view, from its consisting, in a 
considerable degree, of limestones adapted for archi- 
tectural purposes. 

The following are the principal subdivisions of the 
oolite. 

Portland stone. 


MBPERe Kimmeridge clay. 
. Coral rag. 
oe Oxford clay. 
Cornbrash and forest marble. 
L Great oolite and Stonesfield slate. 
ower. 


Fuller’s earth. 
Inferior oolite. 

The Portland stone we have already, in some mea- 
sure, described as a limestone, abounding in ammonites, 
trigonie, &c. &c. 

The Kimmeridge clay is a blue stiff clay, with sep- 
taria, and bands of sandy concretions. 

The coral rag, a limestone, composed of corals, with 
echini and shells. 

The Oxford clay, a dark tenacious clay, with septaria, 
and numerous fossils. 
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The corn-brash, a coarse shelly limestone. 

The forest-marble, sand, with concretions of arena- 
ceous limestone. 

The great oolite, calcareous limestone and freestone, 
containing corals, shells, and reptiles, while the Stones- 
field slate comprises land-plants, insects, reptiles, and 
two species of mammalia. 

The fullers’-earth beds, sands and marls, with 
fullers’-earth. 

The inferior oolite, a coarse, shelly limestone, with 
ferruginous sand, and sandy limestone, with shells. 

The upper deposits usually repose on Kimmeridge 
clay, the middle on Oxford clay, and the lower on the lias. 


The following are some of the most usual shells of 
the oolite:— 


FIG. 236.—1. Lima rudis. 2. Pecten vagans. 3. Plagiostoma rieidum. 
4. Avicula inequivalvis. 5. Trigonia costata, 6. Terebratula globosa. 
7. Modiola plicata. 8. Pinna lauceolata. 
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We have already mentioned the circumstance of some 
new forms of ammonites having recently been disco- 
vered, chiefly in the Oxford clay of this formation, 
which are remarkable for presenting a long, narrow, 
spatulate projection extending from the mouth, which 
however is not considered as having contributed to any 
actual function of the animal inhabitant, but to present 
merely a specific distinction, resembling an analogous 
structure in certain species of sepia, or cuttle fish. The 
accompanying woodcut depicts one of these forms. 


FIG. 237.—Ammonites Elizabethe. 


One of the limestones of the middle oolite has been 
named the ‘‘ coral rag,’’ because it consists of con- 
tinuous beds of petrified corals, retaining in many cases 
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the position they occupied when growing in the sea, 
and consisting chiefly of the genera caryophillia and 
astra. 

Crinotpza.—The lily-encrinites, or stone-lilies, as 
they are sometimes called, occur in the oolite, and at 
Bradford, in Wiltshire, in a clay appertaining to the 
forest marble, the species termed the pear-encrinite are 
extremely abundant. 
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FIG. 238.— Apiocrinites rotundus. 


Orcanic REMAINS OF THE STONESFIELD SLATE.— 
The village of Stonesfield, in which it occurs, is situated 
in a valley which has been deeply excavated by means 
of shafts and galleries, for the purpose of procuring the 
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slate which is used for economical purposes. The 
organic remains here discovered are numerous and im- 
portant, the vegetables consisting of marine plants, 
referable to fuci, palms, tree-ferns, and others allied to 
the zamia and cycas, together with a genus of liliacee, 
seed-vessels, leaves, and stems of conifer@, &c., &c. 
The animal exuviz consist of the teeth and bones of 
crocodiles, bones and plates of turtles, bones of ptero- 
dactyles, or winged reptiles, with osseous fragments, 
apparently those of saurians, and the teeth, scales, fin- 
bones, and rays of fishes, with many of the usual fossils 
of the other oolitic strata. Its geological position has 
been ascertained by W. Lonsdale, Esq., the late curator 
of the Geological Society, who has investigated the 
whole of this formation, with his accustomed industry 
and success, to be the base of the great oolite. 

THE MEeEGAtosaurvs.—It was in this deposit that 
Dr. Buckland discovered the bones and teeth of a 
colossal reptile, which he has thus named. ‘It ap- 
pears to have been a gigantic carnivorous animal, 
allied both to the crocodile and monitor, and from the 
dimensions of the separate bones hitherto found, for 
the entire skeleton has never yet been discovered, is 
presumed to have been forty or fifty feet in length. The 
bones of the thigh and leg are not solid in the centre, 
as in the amphibia, but hollow for the reception of 
medullary substance, as is the case with terrestrial ani- 
mals, The shape of the head indicates it to have 
terminated with a long and narrow snout. The teeth 
prove it to have been carnivorous, exhibiting peculiari- 
ties of structure which combine the powers of the knife, 
the sabre, and the saw. 
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FIG. 239.—Tooth of Megalosaurus. 


Its remains, like those of the cetiosaurus, another 
colossal saurian of the oolite, have also been discovered, 
as we have previously mentioned, in the wealden strata, 
by Dr. Mantell. 

Tue Dipertrnys, orn MarsupiaAL ANIMAL OF STONES- 
FIELD.—This remarkable locality has yielded several 


highly valuable memorials of the past, one of which is 
figured below, 


FIG. 240.—Jaw of the Didelphys or Thylacotherium of Stonesfield. 


This jaw, on its first discovery, was submitted to the 
inspection of Cuvier, who pronounced it to be that of 
a marsupial animal, allied to the didelphys, or opossum. 
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This decision was received as one of great interest and 
importance, since it affords proof of the only instance of 
a creature of the class mammalia, which has been dis- 
covered in the secondary deposits, the chief inhabitants 
of which were the enormous, oviparous quadrupeds, 
freshwater, and marine—the colossal reptiles, in short, 
of the land and sea, which we are now in course of de- 
scribing. A short time since, the decision of Cuvier 
was called in question, by M. de Blainville, who, from 
an examination of the cast of the original jaw, declared 
his opinion that it was that of a reptile. A long and 
animated discussion ensued, in which Professor Owen 
vindicated the decision of Cuvier, and after a lengthened 
controversy it was decided from the chair of the Geo- 
logical Society, by Professor Whewell, the President, 
that the weight of evidence was in favour of the mam- 
malian character of the relic. The objections of such 
an authority as M, de Blainville have, however, thrown 
a doubt upon the subject, which renders it extremely 
desirable that a microscopic examination of a tooth 
should, if practicable, be undertaken ; a mode of inspec- 
tion which, in such hands as those of Professor Owen, 
could not fail to decide the question beyond the possi- 
bility of dispute. 

Coau-mMonEY.—An object of some interest to anti- 
quaries may be mentioned with reference to this forma- 
tion. In the barrows and burying-places of our British 
ancestors, objects have been found which are known to 
collectors by the above name of coal-money. They are 
composed of the Kimmeridge clay of this formation, 
which is so strongly impregnated with bitumen that it 
will burn in an imperfect manner, somewhat like coal. 
They are of circular forms, varying in size from one inch 
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to about three inches in diameter, and from one-eighth 
to half an inch in thickness ; they appear to have been 
turned in a lathe, and some have been found bearing 
circles and angles, traced with considerable exactness. 
Some collectors are of opinion that they were not in- 
tended for money, but were merely part of the ma- 
chinery of a turning-lathe. This supposition, however, 
is difficult to reconcile with the markings just men- 
tioned, as well as with their being constantly found.in 
tumuli, and places of interment, associated with urns, 
pottery, ornaments, and arms; in short, in situations, 
and under circumstances in which coins are generally 
discovered. These facts tend strongly to confirm the 
opinion expressed by Sir Richard Colt Hoare, and other 
antiquaries, that they were employed as the representa- 
tives of money, that is, not as as a medium of circula- 
tion, but as symbols of value, and were introduced into 
this country by the Carthaginians, or Pheenicians, who 
traded with our British ancestors for tin, copper, and 
other metallic productions. 

Specimens are by no means uncommon in the cabinets 
of antiquaries ; there are several examples in the collec- 
tions of the Geological Society, and the writer has met 
with others in the store-cases of the British Museum. 


FIG. 241.—A specimen inscribed iu the style above-mentioned. 
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Coat or THE Ooxite.—In the district north of the 
Humber, the lower beds of this formation assume a new 
character, and the forest marble and great oolite are 
replaced by beds of sandstone, shale, and carbonaceous 
matter. The coal, though inferior both in quality and 
extent to that of the true carboniferous period, never 
exceeding sixteen inches in thickness, is of considerable 
local value. Fossil plants are found in the sandstones 
which accompany the coal; and in Gristhorp Bay a 
seam of shale is traceable for a considerable distance 
containing leaves of ferns, equiseta, cycadea, &c., many 
specimens of which are placed in the British Museum. 
A similar deposit of coal was discovered at Brora, in 
Scotland, and was worked from patriotic motives, by 
the late Duke of Sutherland, but, from the great loss 
incurred, the works are now given up. 


EXERCISES 


ON THE OOLITE FORMATION. 


1. State the derivation of the term oolite. 

2. Describe the general geographical distribution of 
these beds. 

3. Name their localities in other countries. 

4. Mention the chief authors and collections. 

5. Describe the principal characteristics of the system. 

6. Point out the sub-divisions of the beds. 

7. Mention their respective mineral characters. 

8. State their principal fossil remains. 

9. Describe any fossil objects of extraordinary nature 
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and interest which have been discovered in this forma- 
tion. 

10. Trace on the map and commit to memory the 
general direction of the strata, and name the counties 
in which they occur. 

11. Mention their economical and commercial rela- 
tions. 

12. State any facts of a generally interesting and in- 
structive nature connected with these deposits, and con- 
sult the foregoing epitome for questions and answers on 
the principal features of their history. 


CHAPTER XV. 


THE LIAS FORMATION. 
LIAS OP ENGLISH; CALCAIRE A GRYPHITES OF FRENCH; AND GRYPHI- 
TEWKALK AND JURA-KALK OF GERMAN AUTHORS. 


MUSEUMS :—BRITISH MUSEUM, THOSE OF SCARBOROUGH, WHITBY, OF VI8- 
COUNT ENNISKILLEN, 8IR P. EGERTON, PROFESSOR SEDGWICK, AND GE- 
NERALLY THUSE OF DURSETSHIRE, YORKSHIRE, AND THE MIDLAND 
COUNTIES. 


AUTHORS :—BUCKLAND, CONYBEARE. 


CHARACTERISTICS :—A MARINE DEPOSIT CHIEPLY REMARKABLE FOR ITS 
REMAINS OF ENORMOUS REPTILES, PRINCIPALLY OF THE GENERA ICL- 
THYOSAURUS AND PLESIOSAURUS. 


THE lias is conceived to owe its name to a provincial 
corruption of the word layers, used by the workmen 
to denote those laminations or partings, into which 
many of its shales are liable to divide. 

GeEoGRAPHICAL DistrisuTton.—The lias, like the 
oolite, forms a belt which extends across our island, 
from its south-western to its north-eastern shores, from 
Lyme-Regis, in Dorsetshire, to the north of Whitby, 
where it is lost beneath the moorlands of the Yorkshire 
coast. It accompanies the oolite with considerable re- 
gularity, from Lyme-Regis through Dorsetshire and So- 
mersetshire to Gloucestershire, in which county, about 
six miles south of Gloucester, its western portion di- 
verges still farther to the west, and pursues a tortuous 
and intricate course, among the counties of Somerset- 
shire, Gloucestershire, Monmouthshire, and Glamor- 
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ganshire, attended with outlying portions and detached 
masses. Its eastern portion continues a regular track 
through parts of Gloucestershire, Worcestershire, War- 
wickshire, Leicestershire, Lincolnshire, and Notting- 
hamshire, into Yorkshire. 

On the continent, this formation is largely developed, 
in the north and south-east of France, in Switzerland, 
and Germany. 

In some countries, it is wanting over extensive areas ; 
in the vast continent of America no strata of this nature 
have yet been discovered, nor has any part of the world 
yielded organic remains of a character or interest vying 
with those which have been brought to light in this 
country, an unrivalled collection of which constitutes 
the most important feature of the assemblage of organic 
remains, exhibited in the mineral-galleries of the British 
Museum. 


The strata of the lias consist of 


1. The upper lias shale; intercalated with the lowest 
beds of the oolite, and containing saurian remains, am- 
monites, belemnites, &c. 

2.~ Lias marls ; calcareous, sandy, and ferruginous. 

3. Lower lias clay and shale; with intercalations of 
sands and septaria, abounding in shells. 

4. Lias rock; a series of laminated limestones, with 
partings of clay. 


Fossits or THE Li1as.—The vegetable remains of this 
system comprise several species of cycadeoidea, which 
have been discovered at Lyme-Regis, and of conifer, 
occurring at Whitby. 


Fossin SHetits.—The shells of this formation are 
numerous and interesting, the following plate repre- 
sents some of the principal forms. 
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FIG. 242.—1. Spirifer Walcottii. 2. Gryphea incurva. 3. Trochus An- 
glicus. 4. Ammonites Conybeari, 


Fosstt Fisu.—These resemble, as to genera, those 
of the oolite, differing materially from those of the chalk. 

Mr. Buckman, of Cheltenham, has investigated, with 
much ardour and success, the oolite and lias formations, 
as developed in the vicinity of that town, the results of 
which will shortly appear in the second edition of Mr. 
Murchison’s Geology of Cheltenham, which has been con- 
fided to his care for publication. Meantime the writer is 
enabled, by the kindness of his friend, to state, that 
he has discovered several features of novelty and interest 
in the oolite, in particular the Stonesfield slate of the 
Cotswold hills, which was previously almost unknown. 
We have already named, that he has discovered several 
new forms of shells in the lias, among which are three 
new species of arca, to one of which the author of these 
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pages would beg to attach the name of its discoverer, 


FIG. 243.—Arca Buckmanni. 

The following are the specific distinctions of this shell, 
the genus never having been previously discovered in 
this formation. 

Shell gibbose, transversely sulcated, (lines of growth, ) 
and finely striated longitudinally, three times as wide as 
long, anterior end somewhat pointed towards the base, 
beaks remote, yellow lias of Cheltenham. 

From a variety of forms of spirifer, which he has 
also discovered in this deposit, we would select a species 
termed by its discoverer, 


FIG, 244.—Spirifer punctatus. 
The same formation has also yielded wings of libel- 
lula, or dragon-fly, of the genus eshna, together with 
other remains of coleopterous insects, crustacea, &c., &c. 
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RepTILes oF THE Lias.—But the most magnificent 
objects of the Creator’s hand, which not this deposit 
alone, but it may be said, the universal formations of 
the earth can furnish for our study and admiration, are 
afforded by the colossal enaliosaurians, or marine rep- 
tiles, the ichthyosauri and plesiosauri, which have been 
exhumed from this deposit. The structure of these re- 
markable creatures is now so generally known, that it 
may be sufficient to repeat a few only of their leading 
characteristics. 

Tue IcnutHyosaurus, (from ex6us, fish, and cavpa, a 
lizard.)—This name, which was bestowed by C. Konig, 
Esq., of the British Museum, is intended to describe 
an animal, the osteology of which, especially as regards 
the vertebrae, more nearly approaches the character of the 
fish than of the lizard. Like its congener, the plesio- 
saurus, it is remarkable for uniting such combinations of 
structure as are now distributed through various classes 
and orders of animals, but no longer exist in any one. 
Thus it possessed the snout of a porpoise, the teeth of 
a crocodile, the head of a lizard, the sternum or breast- 
bone of the ornithorhynchus, the paddles of a whale, 
and the vertebre of a true fish. Its general outline 
is considered to have most nearly resembled that of 
the modern porpoise or grampus. The teeth are sharp, 
conical, and striated, resembling those of a crocodile, 
but they are more numerous; they are also supplied by 
replacing teeth, in the same manner as in the crocodile. 
The eye was of enormous magnitude, far surpassing that 
of any living animal, and the sclerotic or outer coat is 
composed of thin, bony plates, arranged round the cen- 
tral opening which once contained the pupil, as is the 
case in some species of birds, especially the golden 
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eagle, an arrangement which gives an immense ex tent 
and power of vision. The sternum, or breast-bone, 
resembles in structure that of the ornithorynchus, and its 
construction in both creatures was obviously intended 
to bestow the power of descending or ascending in the 
water with great rapidity, in order to allow the oppor- 
tunity of breathing. The paddles were four, the two 
fore-paddles being large, composed of about one hun- 
dred bones, while the hinder are smaller, consisting only 
of thirty or forty. The vertebrae are concave and 
hour-glass shaped, like those of the sharks and other 
fishes. Professor Owen has established ten distinct 
species of this genus. 

Tue Prestosavurus, (from mAectoy, akin to, and aavpa, 
a lizard.) —This creature, as its name imports, was more 
nearly allied to the lizard than the fish, especially as 
regards the character of its vertebrae. Like the ichthyo- 
saurus, it united in its structure the attributes of various 
and dissimilar classes and orders, combining the head of 
a lizard, the teeth of a crocodile, a neck of enormous 
length, resembling the body of a serpent, a back and 
tail having the proportions of an ordinary quadruped, 
the ribs of a chameleon, and the paddlesofawhale. It 
is conceived to have so far differed in its habits from 
the ichthyosaurus, that while that creature sought 
rather the profound depths of the ocean, the plesiosau- 
rus is considered to have swam upon or near the sur- 
face of shallow waters; arching back its long neck like 
the swan, and occasionally darting it down at the fish 
which floated within its reach. The number of species 
now established by Professor Owen amounts to twenty. 
The series exhibited at the British Museum consists of 
two separate collections purchased of Mr. Hawkins, and 
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comprising specimens of unequalled interest and value, 
together with similar objects received as presents or 
acquired by purchase. 

Tue Presiosaurus Rucosus.—The collection has 
been recently increased by a valuable addition which 
was presented by one of the trustees, the nobleman 
who has honoured these pages by permitting them to 
be dedicated to the Duke of Rutland. The speci- 
men was purchased by his Grace, and presented to 
the British Museum, where, under the assiduous care 
and superintendence of C. Konig, Esq., it was so 
skilfully relieved from the clay and stone by which it 
was obscured, and its osteological characters so clearly 
developed, that when Professor Owen inspected the 
specimen, he recognised it as confirming the reality 
of a new species, which he had been induced provi- 
sionally to establish, from the inspection of a few frag- 
mentary vertebra, which had come into his possession. 
These vertebree presented certain rugose or wrinkled 
markings at their edges, from which appearance this 
distincuished savant concluded that this character per- 
vaded the entire osteology, and hence he was induced 
to bestow on the species the name of plesiosaurus ru- 
gosus. On examining the specimen presented by His 
Grace, the Professor traced, throughout the entire ske- 
leton, the prevalence of that rugose marking which he 
had assumed as characteristic of the whole structure, 
from the features of the vertebre alone. The details of 
this discovery will be made public in a paper which 
he is preparing for the Geological Society ; in the mean- 
time the statement here submitted will convey a general 
idea of this interesting fact. The accompanying figure 
affords a faithful representation of the specimen itself. 
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-—Plesiosaurus rugosus, Owen. 
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THE Prestosaurus GRANDIPINNIS.—The most entire 
and perfect specimen of plesiosaurus yet brought to 
light is one recently discovered at Whitby, which has 
been purchased at the price of £230 for the Fitzwilliam 
Museum, at Cambridge, though it certainly were to be 
wished, that so admirable an example of this singular 
class of creatures had been obtained by the trustees of 
the British Museum, and added to the national collection, - 
where it would, of course, have been far more accessible 
to the general public than in the local depository, how- 
ever distinguished, in which it is now placed. The 
following is a figure of the object, which has been 
established, by Professor Owen, as a distinct species, 
from the large size of its paddles, and hence termed by 
him p. grandipinnis. The total number of species de- 
termined by the professor is twenty. 

From the state of perfection in which this and other 
specimens have been discovered, many of the skeletons 
containing between the ribs their food, consisting of 
scales, and other remains of fishes, in an undigested 
state, it is inferred that they must have been suddenly 
destroyed, and entombed in the sediment in which they 
are now enveloped. We know that animals inhabiting 
waters are liable to immediate destruction, on these 
waters becoming adulterated by the intrusion of any 
foreign substance, the element being thus rendered 
unfit for respiration. In marine volcanic eruptions, in 
floods overwhelming rivers, and in every case where 
the water becomes adulterated with foreign matter, 
quantities of fish are found dead; we have, therefore, 
only to imagine a sudden admixture of so common a 
substance as mud or clay, to conceive that its intermix- 
ture would have been sufficient to destroy the then living 
inhabitants. 


510 PLESIOSAURUS GRANDIPINNIS. 


a 


SA Le 


" 
fT 
a 
4 
' i 
5 
~ 4 
' 
ot 
Ae 
‘ 
ap 


FIG. 245.—Plesiosaurus grandipinnis, 
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OrtcIn or THE OoLiTE AND Lias.—That the ocean 
which deposited these strata was liable to sudden 
changes of the kind already mentioned, is conceived to 
be demonstrated by the varied nature of these heds, 
where argillaceous, arenaceous, and calcareous strata 
are found to succeed each other, the clay usually forming 
the substratum of the series. These alternations are 
accounted for on the supposition, that a sea, which 
during a certain period threw down deposits of clay, 
or mud, ceased to do so at a peculiar epoch, either from 
a change in its currents, or from the destruction or re- 
moval of the land, which had supplied the substance 
previously precipitated; under altered conditions the 
same waters might deposit beds of sand; or, finally, 
might afford conditions favourable for the growth of 
zoophytes, and thus produce those argillaceous, arena- 
ceous, or calcareous deposits observable in different 
portions of this system. 


EXERCISES 


ON THE LIAS FORMATION. 


1. Explain the meaning of the term lias. 

2. Mention the chief authors and collections. 

3. Name the distinctive features of the formation. 

4. Mention the principal discoverers and collectors. 

5. Describe the characteristic shells and fossils. 

6. State the division of the beds. 

7. Trace the geographical distribution of these de- 
posits in this country and abroad. 

8. Name the counties in which they occur in this 
country. 
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9. Puint out any particular phenomena indicated by 
their organic remains. 

10. Name the chief localities in which fossils have 
been discovered. 

11. Mention the most recent discoveries effected in 
these deposits. 

12. State any facts of general and instructive interest, 
and pursue the prescribed method of question and 
answer. 


CHAPTER XVI. 


NEW RED SANDSTONE SYSTEM. 


NEW RED SANDSTONE; SALIFEROUS OR POIKILILIC® SYSTEM OF ENGLISH 
AUTHORS. 


1.—RED OR VARIEGATED MARLS OF ENGLISH; MARNES IRISEES AND CAL- 
CAIRE CONCHYLIEN OF FRENCH; AND KEUPER AND MUSCHELKALK OP 
GERMAN AUTHORS. 


2.—NEW RED AND VARIEGATED SANDSTONE OF ENGLISH; GRES BIGARRE 
OF PRENCH; AND BUNTER SANDSTEIN OP GERMAN AUTHORS.+ 


3. MAGNESIAN LIMESTONE OP ENGLISH; ZECHSTEIN OF GERMANS. 


4.—LOWER NEW RED SANDSTONE OP ENGLISH; GRES DES VOSGES OF 
FRENCH; ROTHTODT-LIEGENDES OF GERMAXS.¢ 


THE ENTIRE FORMATION IS AL8O STYLED ‘' TRIAS” IN GERMANY, BE- 
CAUSE IT THERE CONSISTS OF THREE PRINCIPAL PORTIONS; PIRST, THE 
VARIEGATED MARLS; SECONDLY, THE MUSCHELKALK; AND, THIRDLY, 
THE VARIEGATED SANDSTONE. THE MUSCHELKALK, THOUGH DISTINCTLY 
AND EXTENSIVELY DEVELOPED IN GERMANY, IS WANTING THROUGH- 
OUT THE WHOLE OF FRANCE, WITH THE EXCEPTION OP THE ENVIRONS 
OF THE VOSGES MOUNTAINS, WHILE IN RNGLAND IT 18 ABSENT ALTO- 
GETHER. 


© From 7otktAog, varied or mottled, from the appearance of these de- 
posits. 

¢ Of the German names above cited, the derivation of Keuper, which is 
supposed to be a miner's term, is wholly unknown. Muschelkalk is em- 
ployed to designate a limestone containing Mytili. Bunter Sandstein or va- 
riegated sandstone is sufficiently clear. Zechstein, again, is obscure, but its 
derivation is referred by Adelung to the signification of zechk, which means 
a company or association, who were accustomed to hire a pit or a quarry, 
for the purpose of working it, in this instance probably for copper. Ruth- 
todt-liegendes, literally, red-dead-lier, is used to indicate that the copper 
found in the upper beds, has died out and is not met with in these under- 
lying deposits. 
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MUSEUMS: GEOLOGICAL SOCIETY, THAT OF WARWICK AND OTHER LOCAL 
COLLECTIONS. 


AUTHORS: MURCHISON, LYELL, SEDGWICK, JAEGER, VOLTZ, ELIE DE 


BEAUMONT, &c. 


CHARACTERISTICS: A MARINE FORMATION COMPARATIVELY POOR IN FOS- 
SIL8; REMARKABLE FOR THE TRACES OF FOOTSTEPS OF ANIMALS; AND 
POR ITS SPRINGS OF BRINE AND STORES OF ROCK-SALT, HENCE CALLED 
THE SALIFEROUS, AND ALSO PROM THE DIVERSIFIED TINTS OF THE 
BTRATA, THE POIKILITIC OR VARIEGATED GROUP. 


BENEATH the lias occurs in the midland and western 
counties of England, a vast series of red marls and 
sandstones, which are succeeded by beds of limestone. 
The marl and sandstone beds are of varied tints, though 
a dull red derived from peroxyde of iron chiefly pre- 
dominates. The name of new, is given to this system 
of deposits to distinguish them from the old red sand- 
stone, which is often identical in mineral characters 
and usually lies beneath the coal, though in some local 
instances, in particular, the great coal-field of Dudley, 
the old red sandstone, usually ten thousand feet thick, 
is totally wanting, and the beds of coal repose on the 
underlying Silurian system. 

The following table exhibits the distribution of these 
strata in the British localities in which they occur. 


I. Upper new red sandstone or saliferous system. 
Saliferous marls and sandstones. 

Sandstone and quartoze conglomerate. 

TI. Lower new red sandstone. 

Magnesian limestone. 


Lower new red sandstone. 


GEoGRAPHICAL DistrisuTion.— This system, like the 
last two series which we have described, traverses our 
island from south-west to north-east, and accompanies 
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the lias from the counties of Devonshire and Somer- 
setshire, through the midland districts of Gloucester- 
shire, Warwickshire, Lancashire, and Yorkshire, toCum- 
berland. It forms a region highly favoured by na- 
ture, though poor in fossil remains; containing rich 
stores of chemical substances, gypsum, soda and salt, 
within its own domains, and from immediately overlying 
the coal, presents at once such a stimulus and supply 
to energy and industry that, as Dr. Buckland has forci- 
bly remarked, nineteen of our principal cities and chief 
seats of commerce from Exeter to Carlisle are all lo- 
cated on strata appertaining to this peculiar formation. 

Deposits of this date and character are largely devo- 
loped in France, Germany, Italy and European Russia, 
as well as in North America. 

Rock-saALT AND Brine Sperines. — We have men- 
tioned, among the characteristics of this formation, its 
brine-springs and stores of salt, which constitute it the 
great source for supplying that essential substance, and 
entitle this series of deposits to the name of the salife- 
rous group. The beds of new red sandstone which 
prevail in Cheshire, where the chief salt-works are 
established at Nantwich, and similar strata in Worces- 
tershire, where the most important springs exist at 
Droitwich, yield an inexhaustible resource. There is 
historical evidence of their having been wrought by the 
Britons, and for 2000 years they have never ceased their 
unfailing supply. In the year 1725, it having been as- 
certained that the strata at Nantwich were perforated to 
a greater depth than was the case at Droitwich, the 
gypsum-beds of that place were broken through, when 
springs of much stronger brine poured into the pits, and 
by yielding a more valuable supply, greatly enhanced 
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the worth and productiveness of the works. The bed 
of gypsum, previously mentioned, lies about forty or 
fifty feet below the surface; it is a hundred and fifty 
feet thick, and on being perforated the stream of brine 
is reached, which is about two feet in depth and rests 
on a bed of rock-salt. The brine rises through the per- 
foration, and is conveyed into iron boilers, for the pur- 
pose of evaporation and of producing the salt. The 
phenomenon of brine-springs is known to be produced 
by streams of water which have flowed over masses of 
rock-salt, but the production of rock-salt itself is by no 
means so easy of explanation. It constitutes, in fact, a 
problem which the present state of our knowledge by 
no means enables us to solve, and three distinct theo- 
ries have been proposed to account for its origin: the 
first ascribing it to the evaporation of sea- water, and 
considering it to have been deposited in the bed of the 
sea; the second referring it to similar depositions from 
a salt-water lake, and the third attributing it with 
more probability to volcanic agency. The first two 
propositions are liable to the apparently fatal objec- 
tions of the incalculable depth of water requisite for 
producing masses of rock-salt forty yards in thick- 
ness ; as also the impossibility of such a cause being 
adequate to produce a mountain of salt six hundred 
feet in height, and twelve hundred in breadth at its 
base, such as is known to exist at Cardona in Spain. 
But, perhaps, the most conclusive proof in favour of the 
volcanic theory consists in the perfect freedom of the 
rock-salt from all extraneous matter ; whereas it is con- 
ccived that had it been deposited by salt-water, it could 
not have failed to present some imbedded substances 
indicative of its sedimentary origin, The idea of its 


ORGANIC REMAINS OF THE NEW RED SANDSTONE. 617 


having been produced by volcanic action is strengthened 
by the facts that chloride of sodium is of common oc- 
currence among the ejections of volcanoes, and that salt- 
springs rise to the surface from the granite rocks them- 
selves ; whence it is inferred that the sources which sup- 
ply the salt may lie as deep as those substances which 
yield the materials for modern lavas, and which have 
alike furnished the elements for the ancient trap-rocks 
_ and basalts in the early history of the earth. 

Oroanic REMAINS OF THE Upper New Rep Sanp- 
STONE.—We have already mentioned that the dull red 
colour prevalent in strata of this formation is derived 
from oxide of iron, and it has been noticed as a striking 
fact, that all deposits in which this oxide prevails are 
extremely deficient in fossils; thus the new red sand- 
stone exhibits a remarkable paucity of organic remains 
as contrasted with the oolite and lias. This circum- 
stance is accounted for by the fact that the admixture is 
fatal to animal life, and that the metallic infusion acting 
on the bronchie or breathing processes of mollusca 
would cause such irritation of organs, so susceptible and 
delicate, as would speedily destroy the animals, and 
would thus account for their disappearance from strata 
of this peculiar chemical composition. In Germany, 
where this formation prevails, and where the muschel- 
kalk, which is wanting in this country, is largely de- 
veloped, the strata, especially the muschelkalk, are 
comparatively rich in organic remains. Of plants 
several cycade@, and various genera of ferns, together 
with a genus of conifere, termed Voltzia, and a genus 
of equisetum have been collected by Count Munster; 
of bivalve shells the posidonia minuta, and a species of 
avicula (a. socialis), and of the univalves some ammo- 
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nites, of the form called ceratite, have been discovered 
in these strata. It is however remarked, that the red 
sandstone strata are relatively deficient in fossils; and 
that organic remains chiefly occur in the argillaceous 
and calcareous beds of the system. 

Fossit Foorsterps.—But the impressions of footsteps 
of a peculiar character, occurring both in this country 
and in Germany, have formed the most interesting sub- 
ject of inquiry which these deposits have recently 
afforded. Impressions of this nature had some time 
previously been observed in strata of this formation, in 
some quarries at the village of Hesseberg, near Hild- 
burghausen, in Saxony, and were referred to a large 
unknown quadruped, which, from the obvious resem- 
blance of the markings to the marking of a human 
hand, was provisionally named, by Professor Kaup, 
cheirotherium, or hand-beast, and was conceived by him 
to have been allied to the marsupials, since in the 
kangaroo the first toe of the fore-foot is set obliquely to 
the others, hike a thumb. 

The larger impressions, which seem to be those of 
the hind foot, are usually eight inches in length and five 
in breadth. At about an inch and a half before this 
impression a smaller print of a fore-foot, four inches 
long and three inches wide, occurs. The footsteps 
follow each other in pairs, each pair in the same line, 
at an interval of fourteen inches between each pair. 
Both the large and small steps show the great toe 
alternately on the right and left side; each step makes 
the print of five toes, the first or great toe being bent 
inwards like a thumb. Though the fore and hind feet 
differ so considerably in size, they are nearly similar in 
form. 
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Some two or three years since, similar impressions 
were observed in strata of the same date and character 
in this country, namely, in five superimposed beds of 
clay, at the Storeton Quarries, on the Cheshire side the 
Mersey, opposite Liverpool, and which, like the ves- 
tiges previously discovered in Germany, were referred 
to the presumed marsupial animal above-mentioned. 
These mysterious vestiges exercised for some time the 
ingenuity of naturalists, and among other conclusions it 
was inferred that impressions of such depth and dis- 
tinctness could only have been made by animals walking 
on dry land, as the weight of the creatures could not 
have been sufficient to cause them to sink so deeply in 
soft and yielding clay lying under water. It was far- 
ther conceived, that each layer of clay which bore these 
footsteps had been afterwards submerged, so that a new 
stratum was successively formed above the former, in a 
similar manner to that in which the ripple-marks in the 
sandstone of Cheshire and elsewhere are presumed to 
have been produced. Professor Owen, however, having 
directed his attention to these footsteps, and to the re- 
mains of reptiles, consisting of bones and teeth, which 
had been observed in beds of this character both in 
. Germany and England, arrived at conclusions which, 
with the highest degree of probability, referred the im- 
pressions in question to an animal of a totally different 


520 THE LABYRINTHODON. 


class. In two papers on the subject read before the 
Geological Society, Jan. 20, and Feb. 24, 1841, the 
Professor stated, among other particulars of interest, 
that he had ascertained, on a microscopic investigation 
of the teeth, that the genera plytosaurus and mastodon- 
saurus established by Dr. Jager, on teeth of like cha- 
racter with these, are in fact one, the former having been 
founded on casts of the sockets of the former, while he 
showed that the latter generic appellation ought not to 
be retained; first, because it recals unavoidably the 
idea either of the mammalian genus mastodon, or of a 
mammilloid form of the tooth, whereas the teeth of the 
genus so designated are originally, and, for the greatest 
number permanently, of a cuspidate or pointed, and not 
of a mammilloid or rounded form; and next, because the 
second element of the word saurus indicates a false 
affinity, the remains belonging not to the saurian but to 
the batrachian order of reptiles, and attesting the former 
existence of frogs of gigantic dimensions in comparison 
with any now living. The fossi] teeth both from Eng- 
land and Germany exhibited externally the usual reptile 
form and character, but internally they presented a 
most complicated texture, approaching that of the 
ichthyosaurus, yet differing from that and all other 
reptiles hitherto discovered, whether recent or extinct. 
As the texture of these teeth, under the microscope, 
presents a series of irregular folds, resembling the 
labyrinthic windings of the human brain, Professor 
Owen proposed the name of labyrinthodon for the genus. 

The professor farther ascertained, from the examina- 
tion of various hones, procured from the same formation, 
that he could determine three species of labyrinthodon, 
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and that in this genus the hind extremities were much 
larger than the fore. Hence the idea was first suggested 
that the tracks in question were those of the newly- 
found gigantic frog. It was farther observed, that the 
footmarks of the cheirotherium were more like those 
of toads than of any other living animal; and lastly, 
that the size of the three species of labyrinthodon cor- 
responded with that of the three different kinds of foot- 
steps, which had already been supposed to belong to 
three distinct individuals of cheirotherium. Finally, 
the structure of the nasal cavity showed the labyrinthodon 
to be an air-breathing reptile, since the posterior outlets 
were at the back part of the mouth, instead of being 
directly under the anterior or external nostrils, It must 
have respired free air, like the saurians, and may in all 
probability have imprinted on the shore those footsteps 
which, as before mentioned, were conceived to have been 
impressed by an animal walking on dry land. 

In the second of the papers to which we have alluded, 
Mr. Owen stated, that from farther specimens which 
had been forwarded to him, by Dr. Lloyd, of Warwick, 
from the museum of that town, he had been enabled to 
determine two more species of labyrinthodon, five in all, 
to which he had applied the names—/. salamandroides, 
l. leptognathus, l. pachygnathus, l. ventricosus, 1. scutu- 
latus. 

He farther mentioned, that he had long believed that 
the foot-prints were those of a batrachian, and most 
probably of that family which includes the toad and 
frog, on account of the difference of size in the fore and 
hind extremities, but that in consequence of the pecu- 
liarities of the impressions, he had always considered, 
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that the animal must have been quite distinct, in the 
form of its feet, from any known batrachian or other 
reptile; and thus in the labyrinthodon, he observes, we 
have a batrachian reptile, differing as remarkably from 
all known batrachia and from every other reptile in the 
form of its teeth. 

Macnesian Limestone or ZECHSTEIN.— The inferior 
members of the new red sandstone formation consist, 
in the south-west of England, of a conglomerate, formed 
of pebbles cemented together by a base of dolomite or 
magnesian limestone, whence it is termed dolomitic con- 
glomerate. The imbedded fragments chiefly consist of 
debris of the rocks on which they repose, such as frag- 
ments of mountain-limestone, coal, shale, and other un- 
derlying deposits. In the north these conglomerates and 
breccias are represented by the magnesian limestone. 
This substance has lately been brought into use and re- 
pute for architectural purposes, buildings constructed of 
it having been ascertained to be extremely durable, and 
to have resisted for ages the attacks of time and of the 
weather. The stone is found, in fact, to combine the 
varied qualities so much desired by the architect, but 
so seldom found in the same material; uniting the 
softness and facility of working of the oolite above, 
with the hardness and compact texture of the more 
crystalline rocks below; while the magnesia which it 
contains is so unfavourable to vegetable growth as to 
check that minute vegetation which frequently dis- 
figures the building-stones in general use. Quali- 
ties thus valuable induced the members of the commis- 
sion for selecting stone for the new houses of Parlia- 
ment, to give the preference to this material over all 
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others, which they had the opportunity of inspecting. 
It was remarked, that in this stone the carbonates of lime 
and of magnesia exist in nearly equal proportions. In 
many instances, this substance presents singular ex- 
amples of spheroidal structure, induced, it is conceived, 
after the deposition of the stratified mass. Several 
beautiful and instructive specimens of this and other 
forms of this stone are deposited in the mineral collection 
of the British Museum (case 49). 

Orcanic Remains.—We have already had occasion 
to observe, that where certain strata resemble in mineral 
structure the beds above, the fossils which they con- 
tain often present an affinity to those of the deposits 
beneath, and in the present instance, those of the 
magnesian limestone partake rather of the types of 
the carboniferous system below, than of the new red 
sandstone above, the shells being of the genera spirifer 
and producta ; while the fish are remarkable for that 
peculiarity of structure in the tail which is called by 
M. Agassiz the heterocercal, in which the tail is un- 
equally lobed, as in the modern sturgeon and the shark, 
and the vertebral column runs along the upper lobe. 
On the other hand, the homocercal fish, comprising 
nearly all the living species, have the tail either single 
or equally divided, and the vertebral column not ex- 
tended into the upper lobe. 


FIG. 247.—Heterocercal; Shark. 
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FIG. 248.—Homocercal; Herring. 


On this peculiarity of the tail in the sturgeon and 
shark, Dr. Buckland remarks, that the prolongation of 
the vertebral column is calculated to sustain the body in 
an inclined position, with the head and mouth nearest 
to the bottom. Of the two fish above-named, he ob- 
serves, that the former perform the office of scavengers, 
to clear the water of impurities, and adds, that they have 
no teeth, but feed by means of a soft leather-like 
mouth, capable of protrusion and retraction, on putrid 
animal and vegetable substances at the bottom ; hence 
they have the same constant occasion to keep their bodies 
In the inclined position, as the extinct fossil fishes of this 
formation, whose small and numerous teeth shew that 
they also fed on like substances in similar situations. 
The sharks employ their tail in another peculiar man- 
ner to turn their body, in order to bring the mouth, 
which is placed beneath the head, into contact with their 
prey. 
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EXERCISES 


ON THE NEW RED SANDSTONE FORMATION, 


1. Describe the authors and collections. 
2. Point out the general features of this system. 
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3. Mention its principal geographical distribution. 

4. Trace its occurrence on the map. 

5. Name the counties where it is developed. 

6. State the division of the strata. 

7. Mention their mineral composition. 

8. Point out those which contain organic remains. 

9. State the presumed cause of the paucity of fossil 
objects. 

10. Mention the mineral resources of the strata. 

11. State the localities of their occurrence. 

12. Mention any general facts of interest or import- 
ance connected with these deposits, and the questions 
and answers illustrative of their history. 


CHAPTER XVII. 


THE CARBONIFEROUS SYSTEM. 


COAL- MEASURES OP ENGLISH; TERRAIN HOUILLER OF FRENCH; KOHLEN- 
GEBILDE OF GERMAN AUTHORS. 


MUSEUMS: BRITISH MUSEUM, GEOLOGICAL SOCIETY, THOSE OF NEWCAS- 
TLE, DUDLEY, LEEDS, HALIFAX, EDINBURGH, GLASGOW, DUBLIN, AND 
CABINETS OF MANY PRIVATE COLLECTORS. 


AUTRORS :—BUCKLAND, LINDLEY AND HUTTON, ARTIS, WITHAM, PHILLIPS, 
MARTIN, PARRY, BRONGNIART, STERNBERG, PREGL, COTTA, CORDA, 
KNOKR, SCHLOPHEIM, 


CHARACTERISTICS: —A VAST AND PECULIAR SYSTEM OF DEPOSITS COM- 
POSED OF ALTERNATIONS OF MARINE AND FRESH WATER STRATA, 
BEDS OP IRONSTONE AND COAL, WITH SHALES, AND GRITS, CHIEFLY 
REMAKKABLE FOR THEIR ABUNDANCE AND VARIETY OF FOSSIL PLANTS. 


We have so often had occasion to allude to the coal 
formation, that a mere outline of its principal and 
characteristic features will suffice for the present de- 
scription, and for more ample details we must refer to the 
various works of the authors above-mentioned, which 
treat at length of these highly interesting and important 
deposits. 

The coal-fields of the British islands are extremely 
numerous, and the distribution of the beds varies of 
course according to local circumstances. The following 
will, however, be found to afford a general outline of 
their disposition and arrangement. 
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Coal-measures. 

Strata of shale, sandstone, and grit, with occasional 
seams of coal and layers of iron-stone. 

Mill-stone grit. 

A coarse quartzose sandstone, passing into a conglo- 
merate, sometimes used for millstones. 

Carboniferous limestone, or mountain limestone. 

A calcareous rock, containing marine shells and corals. 

It will be seen that the coal forms but a relatively 
small part of the formation to which it gives its name, 
since it occurs in comparatively small seams, amid 
masses of rock, of far greater size and extent. 

In addition to the remarks already suggested on the 
importance of the coal, we would repeat, that its value, 
in this country, 1s enhanced, to an incalculable extent, 
by its association with the beds of iron-ore occurring in 
the contiguous shales; while these again could not be 
fused without the aid of the mountain-limestone, which 
acts as a flux, and promotes the speedy reduction of the 
ore. In other countries, where the beds of coal are not 
accompanied by deposits of so much value, as in Silesia, 
where they are associated with rocks of older date, 
and in various parts of France, where the coal is simi- 
larly situated, its value is restricted to its mere employ- 
ment as fuel, and these communities are thus destitute 
of the commercial advantages which its favourable dis- 
tribution in our own islands enables us to enjoy. 

THE CoaL-FIELDS OF ENGLAND AND WaLEs.—These 
are arranged, by Conybeare and Phillips, into 

I. The coal-fields north of the Trent, comprising 
those of 

1. Northumberland and Durham. 
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2. Yorkshire, Nottinghamshire, and Derbyshire. 

3. North Staffordshire, sometimes called the Pottery 
coal-field. 

4. Manchester. ‘i 

5. Whitehaven. 

II. The Central coal-fields, including those of 

1. Leicestershire. 

2. North Staffordshire. 

III. The Western, divided into ; 

1. The north-western, containing those of North 
Wales. 

2. The western, comprising those of the Plain of 
Shrewsbury ; of Coalbrook Dale and the Clee Hills. 

3. The south-western, comprising the coal-fields of 
South Wales, of the Forest of Dean, and those of Glou- 
cestershire and Somersetshire. 

Mr. Sopwith has executed some beautiful models, 
which exhibit, in the most instructive manner, the stra- 
tification of the coal, and the accompanying deposits ; 
and has thus depicted the coal-measures of the forest of 
Dean, by means of sliding tables, which display the 
amount of coal, both wrought and unwrought, as well 
as of the iron-stone which accompanies it. These mo- 
dels may be procured of Mr. Tennant, No. 149, Strand. 

Coal also exists in France, the Netherlands, the banks 
of the Rhine, in Saxony and Bohemia, in Sweden and 
Russia, in Persia, China and Hindostan, in North and 
South America, and Australia. 

Icneous Rocxs.—These are frequent in the carboni- 
ferous series of this country, occurring as overlying 
stratiform masses alternating with sedimentary deposits ; 
but more frequently as dikes, which have penetrated 
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through the strata. In England, the principal intrusions 
of these rocks are presented by the green-stone and ba- 
salt, or whinstone, as it is locally termed, of the North 
of England; the toad-stone of Derbyshire, so called 
from its mottled appearance ; and the basaltic masses of 
the South Staffordshire or Dudley coal-field. They pre- 
sent the effects usually observed at the point of contact 
of rocks of this character with sedimentary deposits, 
especially that of hardening and crystallizing them; 
converting shale into slate, charring coal to coke, an- 
thracite, and plumbago; and inducing crystalline tex- 
ture in limestones and calcareous rocks. 

VEGETABLE Oricin oF Coat. —The origin of this 
substance is now universally admitted, and no doubt 
exists, that it is so much vegetable matter altered by 
heat and pressure; that it consists, in short, of the 
vegetation of the ancient earth which has been buried 
beneath waters, and has either been submerged on the 
very place of its growth, or conveyed to estuaries or 
the mouths of rivers, and sunk in spots alternately 
occupied by fresh and salt waters, where, under the 
heat generated by moisture, and the pressure of the 
slime, mud, sand, or clay deposited by these streams, 
the vegetable masses have been elaborated into coal. 
The agency by which this result has been effected is 
considered to have been analogous to that by which, 
under similar circumstances of moisture and pressure, 
vegetable matter is known to ferment, to produce spon- 
taneous combustion, and to be consumed. For instance, 
if hay be stacked ina moist condition, or too closely 
packed, fermentation and ignition are produced, and 
the mass is consumed; if the process be interrupted 
and combustion prevented, the hay is found to have 
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acquired a dark brown colour, a glazed or oily surface, 
and a bituminous odour. The same phenomena are 
observed in the case of flax, which if packed and 
pressed in a damp state, is liable to the same results ; 
all vegetable substances, in short, being exposed to 
similar consequences, and what is termed spontaneous 
combustion being often produced from like causes. 
Were any vegetable matter in a moistened condition 
placed beneath great pressure, so as to prevent its 
gaseous principles from escaping, bitumen, lignite or 
coal would be produced, according to the various stages 
of the progress. Vegetable matter has been traced through 
every stage of the saccharine, vinous, acetous, and 
bituminous fermentation; and alcohol, ether, naphtha, 
petroleum, bitumen, lignite, jet, coal, amber, and even 
the diamond, have been ascertained to be of vegetable 
origin. It has been suggested that the rarity of the 
diamond need not excite surprise, when we reflect how 
rarely we meet with iron in its native state, in com- 
parison with the various combinations which that sub- 
stance presents with other elementary bodies. 
EXPERIMENTS oF GOpPrERT. — The experiments of 
Professor Goppert, of Breslau, which have been fol- 
lowed in this country, would alone be sufficient to 
establish the vegetable origin of coal, even if it were 
not already proved beyond the possibility of duubt. 
This savant endeavoured to imitate the agency of nature 
in this phenomenon, and, as was evinced by the result, 
with perfect success. Having observed that the leaf, 
in iron-stone nodules, might occasionally be separated, 
in the form of a carbonaceous film, he placed fern-leaves 
in clay, dried them in the shade, exposed them to a 
red heat, and thus obtained striking resemblances to 
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fossil plants. According to the degree of heat, the 
plant was found to have become either brown, shining, 
black, or to be entirely lost, the impression only re- 
maining; but in this latter case, the surrounding clay 
was stained black, thus indicating that the colour of the 
coal-shales is derived from the carbon of the plants 
which they include. 

Mone or Deposit oF Coat.—Yet though the vege- 
table origin of coal is thus universally admitted, a con- 
siderable difference of opinion still prevails as to the 
circumstances under which it has become imbedded in 
its present position. The idea usually entertained has 
been, as before stated, that groves and forests of the 
luxuriant vegetation of an ultra-tropical climate have 
been swept away by floods and inundations into lakes, 
bays, estuaries, or mouths of rivers, and spots alternately 
filled by fresh and salt waters; while the instances it 
was conceived were few, in which the coal grew and was 
submerged on the spot in which it now occurs: in short, 
it was considered, that drift was the rule and submer- 
gence the exception. An opinion the very reverse of this, 
however, has recently been expressed, and the attention 
of the author of these pages having been drawn to the 
subject, he has no hesitation in avowing his adhesion to 
the new theory, and his conviction that while the greater 
part of the coal has grown and been imbedded on the 
spot, the cases where it has been drifted are chiefly the 
accidental results of the overflows and tnundations by 
which the submersion was effected. The objections 
applying to the idea that coal was formed by drift, and 
which appear to offer almost insurmountable difficulties 
to such a supposition, are as follows: 

1. The purity of the coal and its freedom from extra- 
neous substances. It is contended, with every appear- 
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ance of probability that had the coal been drifted in 
the manner conccived, it must infallibly have acquired 
some portion of foreign substances in its transit; such 
as pebbles, gravel, &c.; but, since we find extensive 
seams of coal utterly unmixed*with any other matters, 
its freedom from these is considered to be incompatible 
with the idea of its having been wafted from a distance. 

2. The generally uniform thickness of each coal- 
seam is considered to offer another difficulty. The 
lower main seam of the great northern coal-field is 
mentioned by the late Mr. Bowman as extending over 
at least 200 square miles, while a thin seam is pointed 
out as reaching in a straight line from Whaley Bridge 
to Blackburn, a space of thirty-five miles. Had the 
coal been washed away by floods or torrents in the 
manner conceived, it 1s argued that such currents, either 
from the different specific gravity of portions of the 
same mass, of the roots and stems, for example, as con- 
trasted with the branches and foliage, or from the me- 
chanical obstructions occurring in such a transit, would 
have deposited their burthen, in an extremely unequal 
manner, in heaps and hillocks ; whereas, no such effects 
are observable in the coal-seams, which are invariably 
free from all inequalities of this kind. 

3. The exceeding minuteness of many of the seams 
of coal, which thin out into mere filaments, and yet ex- 
tend, in this condition, over extensive areas of solid rock, 
is alike conceived to militate against the idea of any 
deposits of so attenuated a nature having been spread 
over spaces so large by the action of drifting. 

4. On the other hand, the size of many of the coal- 
seams, considered with reference to the immense com- 
pression which they have unquestionably undergone, is 
considered to furnish another objection of insurmountable 
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character. The enormous extent to which the bulk of 
substances may be reduced by pressure, is scarcely to be 
conceived, except by a reference to exact computation. 
For instance, we are indebted to Mr. Burr for the fact, 
that a mass of rubbish which was left in a worn-out vein 
of iron-stone, during a period of only two years, was in 
that interval reduced from seven to no more than two 
feet in thickness, owing to the pressure of the overlying 
weight. It was farther formed into so hard a substance, 
as to present one mass of rock, -which could only be 
penetrated by the operation of blasting. Now when 
we consider, first, the far greater compressibility of 
vegetable matter than of mineral] detritus; when we 
reflect that the beds of coal have been subject to the 
pressure of masses, not of a few yards, but, in numerous 
instances, of many thousand feet in thickness, and this 
during a period not of a couple of years, but during the 
countless ages of the past; and when we call to mind 
that matter so compressed has formed, by the meeting 
of several seams, beds of great relative thickness—in the 
Staffordshire coal-field, for example, of thirty feet in 
depth, it will be self-evident that for the formation of 
such deposits supplies on the most enormous scale would 
be required, and that it would be utterly impossible to 
transport, by the action of water, masses of vegetable 
substance so immense as would be requisite for the 
formation of this deposit alone of the coal. 

5. The high state of preservation in which many of 
these objects occur, the perfect condition of the leaves, 
and parts of fructification of many of the ferns, the sharp 
angles of numerous stems of plants which are presumed 
to be of soft and succulent nature, with the surfaces of 
sigilaria marked with lines, streaks, and flutings, so 
delicate, it has been observed, that the mere drifting of 
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a day would have inevitably destroyed them, together 
with the occurrence of fruits, such as cardiocarpon and 
lepidostrobus, which are found in heaps and clusters, 
whereas a current would have dispersed them,—these, 
with facts of like nature, and leading to similar conclu- 
sions, convince us that these objects have never been 
subjected to drift, but are buried on the spots where 
they lived and flourished. 

6. An additional objection to the drift theory has 
been founded on the chemical condition of the ques- 
tion; and it has been urged, with every appearance of 
truth, that if vegetable matter were swept away by a 
flood, such an agency, by allowing the gaseous particles 
to escape, would never be adequate to produce the de- 
sired results, and that coal never could be formed by 
such a process. The very close analogy presented by 
peat to lignite and coal affords a striking corroboration 
of the justice of such a view. 

7. The multiplicd instances of trees found erect on the 
spot where they unquestionably grew, is considered to 
overthrow the idea of transport altogether, and to estab- 
lish the fact of the coal having chiefly grown on the 
spot where it is now entombed. Not only has Mr. 
Hawkshaw discovered the group of trees already men- 
tioned on the line of the Bolton and Manchester Rail- 
way, but Mr. Conway has stated that on forming the 
railway tunnel at Claycross, five miles south of Chester- 
field, a number of fossil trees, apparently sigillarie, no 
fewer than forty, standing not less than three or four 
feet apart, and forming in short a perfect fossil forest, 
were discovered. And when we reflect on the merely 
accidental nature of these discoveries, that they are 
made by chance in cuttings and excavations of limited 
nature and extent, it is impossible to resist the convic- 
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tion thus enforced on the mind, that the earth contains 
innumerable forests entombed on the spots where they. 
grew, many of which the progress of research and dis- 
covery will probably bring to light. 

The idea of the submergence of coal js, in fact, no 
new supposition. Similar opinions have been expressed 
by Count Sternberg, by Adolphe Brongniart, and the 
authors of the Fossil Flora, and have recently been re- 
peated by Mr, Hawkshaw, Mr. Bowman, Mr. Logan, 
Mr. Ick and others. 

Mr. Logan,* ina highly interesting communication on 
the coal strata of South Wales, mentions that there is 
no instance in that extensive carboniferous district of 
any seam of coal without a bed of underclay abounding 
in stigmaria ficoides, the marshy plant above mentioned, 
which exiets in such extent and abundance as to have 
formed, as he conceives, the chief source of our vast 
supplies of fossil fuel. In a second communication 
made on the 23rd of March of the past year, on the 
coal-fields of Pennsylvania, he states the same pheno- 
menon of the underclay to prevail throughout those 
deposits. ‘ 

So much light has thus been thrown on the formation 
of coal by these and similar observations, that an opi- 
nion now prevails which is in substance as follows. It 
is conceived that the vegetation which produced the 
coal grew in broad and shallow lagoons and sheets of 
water, receiving at intervals deposits of silt and mud, 
the detritus of neighbouring land, and situate on an 
island or a sea-shore. These streams were speedily 
filled up by the growth of a profusion of stigmaria, 
which have already been mentioned as a marshy, suc- 
culent plant, until, by the accumulation of mud, silt, 

* See Procoedings of Geol. Soc., vol. iii. No. 69, p. 275. 
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sand, and the admixture of decayed vegetable matter, 
the lagoon was converted to a morass. A fresh veget- 
able growth now ensued, of somewhat different charac- 
ter, consisting of reed-like plants, eguiseta and calamites, 
with here and there a larger tree. The spoils of these 
plants may thus have furnished materials for beds of 
peat and coal, resting on a base composed exclusively of 
the remains of stigmarie. These spots may, by re- 
peated subsidences, have been so reduced beneath the 
level of the sea, as to have rendered them the receptacles 
of alternating deposits of sand and clay, and may thus 
have produced the strata of sandstone and limestone 
which occur between seams of coal. As each deposit was 
formed, it may have been covered either wholly or in 
part by a lagoon, when the same succession of vegetable 
growth and geological deposit may have ensued, and 
fresh supplies of mineral fuel may have been produced. 

The alternation of beds of coal with marine deposits 
is explained by the supposition that extensive subsi- 
dences of the estuaries, which were the site of the la- 
custrine and terrestrial vegetation above described, may 
have reduced these estuaries beneath the level of the 
sea, where the submerged soil with its vegetation was 
covered with accumulations of encrinital limestone, and 
other marine sediments; and that in course of time, 
either by drifts of sand or clay from the land, or by the 
elevation of the bed of the sea, the estuaries were again 
filled, and became the area of the vegetable growth 
above named, while the repetition of such changes would 
account for the alternations of marine and vegetable 
deposits which occur in our beds of coal. The annexed 
engraving, depicting a virgin forest of the isle of Goua- 
han, one of the Mariana islands, depicts the character of 
vegetation which is conceived to have produced the coal. 
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Erect Fossin Trers.—These have been found in 
various parts of the continent as well as of this country. 
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At St. Etienne, near Lyons, a whole bed of them ap- 
pears in a nearly horizontal position. 
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FIG. 250. 
A single tree was brought to light some years since, 
at the Craig Leith Quarry, near iach 
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FIG, 251. 
Those discovered by Mr. Hawkshaw are here figured. 
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The following description will afford an idea of their 
position, appearance, and general characters. Another 
tree has subsequently been brought to light on the 
opposite side of the railway, making the entire number 
six. The section of the strata gives the following as 
their order and composition. 1. Sand intermixed with 
patches of loam. 2. An intermixture of argillaceous 
and siliceous shales. 8. Siliceous shale. 4. A vein of 
coal, two feet in thickness. 5. Blue and white argilla- 
ceous shale, in which the trees are imbedded. The 
five are nearly in a straight line, and being parallel to 
the direction of the railway, they stand obliquely across 
the dip of the strata. In the direction of the section, 
a line drawn through the root of the trees is conform- 
able to the inclination of the strata, and in the direction 
of the new dip, this is still more plainly the case; the 
large spreading roots of No. 2 and No. 5, being quite 
conformable to the inclination of the stratum in which 
they rest; and the roots of the others are equally so, 
to the extent to which they are seen, but being less ex- 
posed, they are not so striking in this respect. The 
whole of the stems stand nearly at right angles to the 
plane of stratification. They are chiefly imbedded in a 
soft, argillaceous, blue shale, but that which surrounds 
the upper end of No. 1 is of a more siliceous nature. 
In the same plane as the roots, a thin stratum of coal 
has been found as far as the excavations have ex- 
tended. The trees, when discovered, had each a coating 
of coal, which, however, was so soft and friable that it: 
crumbled to pieces in removing the shale. It is con- 
ceived to have been the carbonized bark of the trees, 
since they now appear completely decorticated, and pre- 
sent various flutings. The largest, No. 1, is about fif- 


EXERCISES ON THE CARBONIFEROUS SYSTEM. 541 


teen feet in circumference at its base; seven feet and a 
half at its top, and eleven feet in height. The next, 
No. 5, is seven feet and a half in circumference, and two 
feet and a half in height; while Nos. 3 and 4 are of 
smaller size, being respectively three and five feet in 
height, and six in circumference. 


EXERCISES 


ON THE CARBONIFEROUS SYSTEM. 


1. Name the authors and collections. 

2. Mention the chief characteristics of the system. 

3. State the usual arrangement of the beds. 

4. Describe the chief coal-fields of England. 

5. Explain the origin of coal. 

6. Describe its deposition by subsidence, and state the 
reasons for ascribing it to this agency, rather than to 
drift. 

7. Explain the nature of its vegetation. 

8. Describe the character of its climate. 

9. State any general phenomena, and pursue the ac- 
customed method of question and answer. 


CHAPTER XVIII. 
THE MOUNTAIN LIMESTONE. 


THE CARBONIPFROUS OR MOUNTAIN LIMESTONE OF ENGLISH; GALCAIRE 
CARBONIFERE, CALCAIRE ANTHRACIFERE, CALCAIRE DE TRAXSITION 
OF FRENCH AUTHORS. 


MUSEUM :—GEOLOGICAL SOCIETY; BRISTOL, YORK, AND DUDLEY INSTITU- 
TIONS; COLLECTION OF MR. GILBERTSON, KNOW TRANSFERRED TO THE 
BRITISH MUSEUM; THAT OF DUELIN, &c. 


AUTHORS :—MARTIXN, MILLER, SEDGWICK, PAILLIPS. 
CHARACTERISTICS: —A MARIXE DEPOSIT ABOUNDING IK ZOOPRYTES, 
(CHIEFLY CRINOIDEA,) SHELLS, FISH, AND OTHER MARINE EXUVIA, 


REMARKABLE FOR THE ABUNDANCF AND VARIETY OF ITS MINERAL 
PRODUCTIONS, ITS CAVERNS, AND FIS@URES. 


TuE practice of bestowing new names on objects familiar 
to science, is neither cominendable in itself, nor in a 
general way calculated to prove permanent or success- 
ful; yet the formation we are about to describe really 
seems to require some more appropriate appellation than 
those which are cited above, and by which it is usually 
distinguished. The term carboniferous properly sig- 
nifies bearing or producing coal, whereas this limestone, 
with perhaps the single exception of the Berwickshire 
coal-field, never contains that substance; while the 
name mountain-limestone is equally ill bestowed on 
deposits, which, both in this country, Ireland, and on the 
continent, frequently occupy valleys and low grounds. 
GEOGRAPHICAL DistTRIBUTION.—It is extensively de- 
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veloped over the northern and western parts of England, 
in Derbyshire, Shropshire, Somersetshire, and Glouces- 
tershire, lving between the coal and the more ancient 
rocks beneath. In Cumberland and Westmoreland it 
obtains considerable elevation, partly encircling the 
mountains of slaty rocks; while in Derbyshire it rises 
to independent peaks and hills, presenting scenery of 
the wildest and most picturesque character. 
MINERAL Propuctions.—These are more abundant 
in this formation than in any hitherto described. The 
rock itself is of sub-crystalline texture, is susceptible of 
a high degree of polish, and from its embedded coral 
remains presents specimens of exceeding beauty and 
interest. We have already noticed the fact, that many 
marbles of this locality, as well as of Staffordshire and of 
Devon, are as splendid as those of Italy ; and owing to 
the prejudice in favour of every thing foreign are fre- 
quently sold as such. The British Museum contains 
some splendid polished slabs exhibiting admirable 
examples of the structure of the crinoidea. Fluor-spar 
occurs abundantly in veins in the vicinity of Castleton, 
and the manufacture of this substance into objects of 
ornament, cups, vases, &c., constitutes a local branch 
of industry of considerable importance. Manganese, 
copper, zine, barytes, and iron also exist in this deposit ; 
but the most abundant ore is the eulphuret of lead or 
galena, of which there are several extensive mines. 
Orcanic Remains.—These consist of abundance of 
corals, chiefly of those classes which form the coral 
reefs now in course of formation: there are also great 
numbers of crinoidea, of which this deposit may be con- 
sidered to constitute the principal habitation. Of the 
conchiferous mollusca the prevailing genera are spirifer 
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and producta (leptena). Of cephalopoda, the prevalent 
forms are the orthoceras, bellerophon, gontatite, ammo- 
nite, and naxtilus. The first two are not found higher 
than the carboniferous deposits. The orthoceras was a 
chambered and siphuncled shell, like a nautilus, uncoiled 
and straight: the bellerophon was unchambered: the 
goniatites were a section of ammonites, having the lobes 
and septa free from denticulations. The euomphalus 
is another extinct genus of spiral univalves, which is 
extremely abundant in this limestone. The interior is 
often divided into chambers, but the partitions of these 
chambers are not perforated as in foraminiferous shells, 
« or in those which have siphuncles, as the nautilus. The 
illustration below depicts several of the forms of shells 
characteristic of this formation. : 
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FIG. 253.—Bellerophon cornu-arietis. 2. Producta (lepteena) scabricula. 
S. Spirifera trigonalis. 4. Producta (leptena) punctata. 
5. Orthoceras undatum. 
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Caverns.—This system of deposits is alike distin- 
guished for the extensive caverns which prevail in the 
strata, as, for example, those of the Peak and other 
caves of Derbyshire, as well as of Devon and various 
parts of Ireland, where the formation is developed. 
Many of these are the channels of subterranean rivers 
and streams, conducted into them through fissures, 
which are very abundant, and which receive not only 
the water which falls from the atmosphere, but also 
many of those streams, which having their rise in other 
strata, flow into these deposits. 

These caverns are also remarkable for the stalactites 
and stalagmites which they so abundantly present. The 
explanatiofi of these phenomena is, in brief, as follows. 
Water which flows through limestone rocks has the 
power of dissolving a portion of the limestone, and on 
reaching any opening, such as a cavern, at its sides or 
roof, it forms a drop, the moisture of which is soon eva- 
porated by the air, leaving a small circular plate of cal- 
careous matter, which is increased by the constant drop- 
ping of the water. In process of time continual accu- 
mulations of this nature form long pendent points like 
icicles ; for a stalactite may be said to be an icicle of 
stone, as an tcicle may be said to be a stalactite of 
frozen water. When the supply of water holding lime 
in solution is too rapid to allow its evaporation at the 
bottom of the stalactite, it drops to the floor of the cave, 
and drying up, gradually forms in like manner a stalac- 
tite rising from the ground, which for the sake of dis- 
tinction is termed a stalagmite. Where, as is frequently 
the case, the two unite, they form natural columns of 
the most picturesque beauty and effect. The most 
celebrated caves of this nature consist of the Grotto of 
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Antiparos, in Greece ; that of Adelsberg, in Styria; and 
Weyer’s cave, in the United States. 

TABLE FORMED OF STALAGMITE.—Among the trea- 
sures of the British Museum, is a splendid table formed 
by the process above described. In a lead mine in 
Derbyshire appertaining to this formation, and situated 
on the estates of his Grace the Duke of Rutland, a 
square wooden pipe, which was employed to carry off 
the water, was found to be choked up, and on inspec- 
tion proved to be completely occupied by a deposit of 
limestone, formed by the water in flowing through the 
pipe. A very curious instance of the plastic power of 
nature, analogous to that remarked under other cir- 
cumstances, was also observed. There are eertain mul- 
tivalve shells, the balani, which attach themselves to 
rocks, and at the point of junction the attached valve 
is found to assume the very nature of the rock to which 
it adheres. Thus, in this singular object, so exactly has 
the stone, as it has been deposited, molecule by mole- 
cule, assumed the character of the wood on which it 
has been formed, with its grain, knots, stains, and mark- 
ings, as to render it impossible to ascertain the differ- 
ence by the eye, and it is only by the actual touch that 
we can determine it to be really stone, and not the wood 
to which it presents so perfect a resemblance. Portions 
of these slabs were formed into a table, and presented 
by the Duke of Rutland to the British Museum, where 
the object excites the admiration of all visitors to whom 
its remarkable history and origin are explained. A 
similar table adorns the baronial hall of Belvoir Castle. 
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EXERCISES 


ON THE CARBONIFEROUS, OR MOUNTAIN LIMESTONE. 


1. State the characteristics of the formation. 

2. Point out its geographical distribution. 

3. Trace its course on the map. 

4. Name the localities in which it prevails. 

5. Describe its organic remains. 

6. Mention its mineral contents. 

7. State any facts of general interest, and pursue the 
method of question and reply as before. 


CHAPTER XIX. 


THE OLD RED SANDSTONE. 


OLD RED SANDSTONE, OR DEVONIAN SYSTEM, OF ENGLISH AUTHORS; 
GRES ROUGE INTERMEDIATE, OF FRENCH; GRAUWACKEN-GEBILDE OF 
GERMAX AUTHORS. 


MUSEUMS :—-GEOLOGICAL SOCIETY, VARIOUS COLLECTIONS IN SCOTLAND. 
AUTHORS :-—HUGH MILLER, MURCHISON, SEDGWICK, BOUE. 


CHARACTERISTICS: A MARINE DEPOSIT, CHIEFLY REMARKABLE FOR ITS 
EXTRAORDIMARY FORMS OV FOSSIL FISH. 


Tus peculiar formation affords a striking and in- 
structive example of the progressive nature of geological 
enquiry, and of the inexhaustible variety and extent of 
the phenomena of nature. Up toa recent period, the 
old red sandstone was regarded merely as a subordinate 
member of the carboniferous series, and from its sup- 
posed paucity of fossils, and of any objects of striking 
interest, was usually passed over in silence and neglect. 

Owing, however, to the researches of modern geolo- 
gists, and in particular of that distinguished observer by 
whom the Silurian beds have been raised to the rank 
of a distinct formation, the old red sandstone group has 
‘been raised to a like independent station, and has been 
found, on examination, to be replete with organic remains, 
affording phenomena of the highest interest. 
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DistrRiBUTION oF THE Strata.—Mr. Murchison, in 
describing the series, has adopted the triple division, 


proposed many years since by Dr. Buckland and Mr. 
Conybeare. 


1. A quartzose conglomerate passing downwards into 
chocolate, red, and green sandstone and marl. 

2. Cornstone and marl, (red and green argillaceous 
spotted marls,) with irregular courses of impure concre- 
tionary limestone, provincially called cornstone, mottled 
red, and green; containing remains of fishes. 

3. Tilestones, finely laminated hard reddish or green 
micaceous or quartzose sandstones, which split into tiles, 
containing remains of mollusca and fishes. 


The thickness is estimated on an average at 10,000 
feet, but in various localities in Scotland it is conceived 
to be much greater. 

In England this formation is largely developed in the 
south of Devon, in Shropshire, Herefordshire, and the 
border-counties of Wales, and still more extensively in 
the North of Scotland ; while on the continent, it occurs 
in Germany, and over vast areas in Russia, south of 
St. Petersburgh. 

IDENTITY OF THE OLD RED SANDSTONE oF HERE- 
FORD AND Devon.— Doubts were entertained for a con- 
siderable period as to whether the red sandstone of 
Devon and that of Herefordshire were identical ; these 
doubts being chiefly suggested by the discrepancy, that 
the strata of Devon presented shells, chiefly of the genera 
orthis, spirifer, productus, terebratula, &c., which were 
not discoverable in the rocks of Herefordshire; which, 
on the other hand, though destitute of shells, afforded 
fish, which were not found in those of Devon. Mr. 
Murchison, however, in his first visit to Russia, in 
1840, succeeded in discovering in deposits appertaining 
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to the old red sandstone the fish of Herefordshire and 
Scotland, in the same beds with the shells of Devonshire. 
Hence the strata of Devon and of Hereford are now re- 
cognized as identical, and have been raised to the rank 
of an independent formation, under the name of the 
Devonian system. Mr. Murchison and Professor Sedg- 
wick have farther shown, that equivalents of the Devon- 
shire rocks exist in the Rhenish provinces, and adjacent 
parts of Germany. Certain species of corals of the 
genera cyathophyllum and porites, c. cespitosum, and 
c. pyrifurme, with the shells calceola sandalina, and 
terebratula porrecta of Sowerby, are considered as cha- 
racteristic of the rocks of Devon. 

This system is more largely developed in Scotland, 
where it extends over a considerable portion of the 
northern part of that kingdom. The formation, as oc- 
curring in Scotland has been described with so much 
ability and eloquence by the Scottish historian of this 
deposit, that we must refer to the graphic and highly 
interesting publication of Mr. Hugh Miller, ‘‘ On the 
Old Red Sandstone,”’ which combines the instruction of a 
work of science with the fascination of a romance, and 
the ability of a writer of the very highest genius. 

Fossiz FisHes oF THIS FormMatTiIon.—It may be suffi- 
cient for our present purpose to state, that the three 
subdivisions of the formation are extensively developed 
in Scotland, its most prevalent and important fossil 
remains consisting of ichthyolites, or fossil fish, some of 
which are of the same genera as those discovered in 
Herefordshire, viz.: the holoptychius, and the cepha- 
laspis ; while others belong to the new genera pterichthys, 
coccosleus, diplopterus, dipterus, cheiracanthus, &c. &c. 

Six species of the pterichthys (or winged fish) are 
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mentioned by Mr. Miller. The accompanying figure 
represents the under-surface of one of these. 


FIG. 254.—Pterichthys. 


Mr. Miller mentions his first impression to have been, 
that the singular wings or arms, with their strong points 
and oar-like blades, had been at once paddles and spears, 
instruments of motion and weapons of defence; but he 
adds: ‘‘ I was informed by Agassiz, that they were 
weapons of defence only, which, like the occipital spines 
of the river bull-head fish, were erected in moments of 
danger or alarm, and at others, lay close to the creature’s 
side, and that the sole instrument of motion was the tail.”’ 

The genera dipterus and diplopterus are thus named, 
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because their two dorsal fins are so placed as to front 
the anal and ventral fins, and thus appear like two 
pairs of wings. The succeeding figure represents the 
co ccosteus, ® 


FIG. 255.—Coccosteus. 
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a singular peculiarity of which consists in the circum- 
stance, that it is the only known animal of the verte- 
brated class which has a mouth opening in a vertical 
direction similar to that of the crustacea, that of all 
other vertebrata opening in a horizontal direction. For 
the highly graphic description of this animal, as well as 
of its congener the pterichthys ; for numberless objects 
of like interest; and in short for the general history of 
this singular system of deposits, we must again refer to 
one of the most delightful books ever written, that of 
the able and interesting historian of the old red sand- 
stone. 


EXERCISES 


ON THE OLD RED SANDSTONE FORMATION. 


1. Describe the authors and collections. 

2. State the general characteristics. 

3. Mention its geographical distribution. 

4. Describe its organic remains, and follow the usual 
method of question and reply. 


CHAPTER XxX. 


SILURIAN SYSTEM. 


SILURIAN 8Y8TEM OF MR. MURCHISON AND ENGLISH AUTHORS; SYSTENES 
QUARTZO-SCHISTEUX BUPERIEURS ET INPERIEURS OF M. DUMONT; PA- 
LZOZIC ROCKS OF AUTHORS. ; 


MUSEUMS: GEOLOGICAL SOCIETY; MUSEUMS OF DUDLEY, LUDLow, &c.; 
COLLECTION OF R. 3. MURCMISON, E8Q., AND OF VARIOUS LOCAL COL- 
LECTORS. 


AUTHOR: MURCHISON. 


CHARACTERISTICS: A MARINE DEPOSIT OF VAST EXTENT AND IMPORT- 
ANCE, CONTAINING A GREAT ABUNDANCE AND VARIETY OF MARINE 
ORGANIC REMAINS, 


Tus system of deposits, which was formerly imper- 
fectly known, and was classed under the general and 
vague denomination of grey-wacke or transition-rocks, 
has been most ably and amply investigated by Mr. 
Murchison, to whose splendid work on the subject we 
must refer for more complete details. The name of 
Silurian has been bestowed on them, by the above dis- 
tinguished historian of this interesting geological region, 
In consequence of the districts which they occupy in 
this country being those formerly inhabited by that 
tribe of the ancient Britons named the Silures. 
GEOGRAPHICAL DIsTRIBUTION.—They extend from 
the heart of South Wales to that of England, over the 
counties of Radnor, Montgomery, Caermarthen, Brecon, 
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Pembroke, and Monmouth ; Gloucestershire, Worcester- 
shire, Shropshire, and Herefordshire. 

They are classified by their zealous and able investi- 
gator into the two divisions of Upper and Lower, which 
are again subdivided into three upper and two lower 


groups. 


UPPER SILURIAN ROCKS. 


1. Upper Micaceous grey Containing shells of 
l Ludlow. sandstone. every order, brachio- 
Tidiow 2. Aymestry ) Argillaceous lime- \poda most abun- 


limestone. stone. dant, corals and sau- 
formation. 3. Lower yen with concre-! roid fish, Thickness 
Ludlow. tionary limestone. / 2000 feet. 


I, Wenlock }Concretionary lime-) shells as before, 
Wenlock 2. Wenl ock : trilobites. Thick- 
formation. shale } Argillaceous shale. ness 1800 feet. 


LOWER SILURIAN ROCKS. 


of shell Crinoidea, corals, 


Flags y 
3. mollusca, chiefly 
Caradoc ) Caradoc a and sand- J pb achi opada, trilo- 


formation, J sandstones. stone with white bites. Thickness 
freestone. 2500 feet. 


bites. Thickness 1200 


Liandeilo } Llandeilo Dark coloured calca- 
fla feet. 


Mollusca and trilo- 
formation. gs. reous flags. { 


I.—Uprgr Sriturtan Rocks.—The first member of 
the upper series consists of the Upper Ludlow, which is 
a grey calcareous sandstone containing spines, scales 
and teeth of fish peculiar to this formation, of the ge- 
nera sphagodus, plerygotus, plectrodus, sclerodus, thelo- 
dus, and onchus, which are admirably described and 
splendidly figured in the work of Mr. Murchison. The 
shells present specimens of avicula, cypricardia, and those 
shells which, formerly termed producta and spirifer, as 
has been mentioned in our chapter on conchology, 
have recently been named leptena, atrypa, and orthis, 

2B2 


556 UPPER AND LOWER SILURIAN ROCKS. 


A peculiar form of trilobite, in which the divisions 
of the dorsal carapace are almost obliterated and the 
back is nearly smooth, is characteristic of the upper 
Silurian beds, and from its peculiar smoothness has 
been named by Mr. Konig homalonotus. 


FIG. 256.—Homalonotus delphinocephalus. Kinig. 


Lower Division oF THE Upper Siturian System. 
—The lower division, comprising the Wenlock formation, 
is again subdivided into two portions, the upper being 
the Wenlock, formerly called the Dudley limestone, 
and the lower the Wenlock shale. Its characteristic 
fossils may be regarded as the two forms of trilobite, 
asaphus* caudatus and calymene Blumenbachii, together 
with corals of the genera catenipora, porites, and cys- 
tiphyllum ; the organic remains of this deposit partaking 
rather of the lower Silurian formations beneath, than 
of the upper Ludlow which lies above them. 

II1.—Tue Lower Siturran Rocxs. — These have 
again been sub-divided into two portions, the Caradoc 
sandstone and the Llandeilo flags, the former occurring 
in the vicinity of the Caradoc hills in Shropshire, the 
latter in Wales, being named from a town in Caermarthen- 


® Concealed, because no traces of legs have been discovered, from 
@ privative and cagnc, mani/eslus. 
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shire, where they are developed, and being composed of 
dark micaceous grit or sandstone. 

Tue Carapoc Sanpstone.— The characteristic fos- 
sils of this deposit consist of various species of atrypa, 
leptena, and orthis, together with the still problematical 
fossil termed by Schlotheim tentaculites scalaris. 

Tue Leuanpgito Fracs.—These contain, as their 
characteristic shells, several species of euomphalus, li- 
tuites, &c., together with the two large forms of asaphus 
named by Brongniart asaphus Buchii, and asaphus ty- 
rannus. 

Extensive GeoxtocicaL DistTRiBUTION oF THE Si- 
LURIAN Deposits.—The Silurian strata have been dis- 
covered in various and extensive parts of the continent. 
While Mr. Murchison has explored and detected them 
in the central and remote parts of Europe, in Belgium, 
the banks of the Rhine, Westphalia, and Nassau, as 
well as in the north of Germany, in the extreme parts 
of Russia, and at the very confines of the old world ; 
Mr. Lyell has discovered them in the new, and recog- 
nized them at various points of the American conti- 
nent. 

While the above compendious description will afford 
a general idea of this formation with reference to its 
geographical distribution, lithological characters, and 
imbedded fossils, we must refer for a complete and 
satisfactory account of strata, thus interesting and ex- 
tensive, to the writings of that English geologist who 
has investigated them with so much advantage to sci- 
ence, so much benefit to the community, and so much 
fame to himself; and who has so honourably associated 
the name of Murchison with that of the Silurian system 
of deposits. 
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The accompanying illustration depicts the most pre- 
valent forms of shells. 


FIG. 257.—1. Orthis orbicularis. 2. Terebratula navicula. 3. Orthis na- 
vicularis. 4. Pentamerus Knightii. 5. Atrypa affinis. 6. Orthoceras 
ventricosum. 7. Lituites giganteus. 


EXERCISES 


ON THE SILURIAN SYSTEM. 


State, as before mentioned, the various collections of 
the system, the different localities of its beds, its general 
characteristics, its geographical distribution, and princi- 
pal organic remains ; and practise the usual mode of 
question and reply. 


CHAPTER XXI. 
CAMBRIAN AND CUMBRIAN SYSTEMS. 


AUTHOR :—PRUPFESSOR SEDGWICK. 


MUSEUM .—GEOLOGICAL SOCIETY. 


THE METAMORPHIC AND PLUTONIC SYSTEMS. 


CamBRIAN System oF Proresson Sepewick.—This 
formation consists of a vast series of rocks, of slaty cha- 
racter, in some of which fossils have been found, though 
no extensive assemblage of organic remains, specifically 
distinct, has hitherto been determined. Some of the 
upper beds contain corals and shells, and Professor 
Phillips has discovered two species of corals (cyatho- 
phyllum) and six of the older forms of terebratula, in 
the strata of Snowdon. The system extends over a 
great part of Cumberland and Westmoreland, and is 
largely developed in North Wales, whence its name. 

The following is the tabular arrangement of these 
deposits, adapted by Professor Sedgwick. 


CAMBRIAN SYSTEM. 


Plynlymmon rocks. —Argillaceous indurated rocks, 
sandy or slaty. 

Bala limestone.— Dark laminated limestone and slate. 

Snowdon rocks.—Fine and coarse-grained slaty rocks. 
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The Cumbrian system is a term applied to vast accu- 
mulations of rocks, occurring chiefly in the neighbour- 
hood of the lakes of Cumberland, and for the most 
part of slaty texture, and devoid of fossils. 

MetamorpPHic Rocxs; Muica-scHist AND GwNEIss 
Systems.—Our previous observations (see page 212) 
have so far tended to explain the character and origin of 
these deposits, that a lengthened detail in this place 
would tend rather to embarrass than assist the student, 
and a brief recapitulation of their most important cha- 
racters will suffice for the present purpose. 

The best general idea which the student can perhaps 
form of these formations is, as previously stated, to re- 
gard them as possessing an intermediate position and 
character between the sedimentary rocks above and the 
plutonic deposits below, with both of which they are 
intimately connected. On the one hand, they resemble 
the sedimentary rocks in the circumstance, that they 
exhibit marks of stratification; while they are still more 
intimately associated from the fact, that many of the 
upper, slaty beds of the system pass into overlying, 
slaty deposits, which are unquestionably of aqueous 
origin. On the other, they are allied to the formations 
beneath, by the circumstance of containing no organic 
remains; while they are still more closely blended from 
the fact, that they often graduate into the granite of the 
underlying plutonic system. The splendid conception of 
Dr. Hutton, described in a previous page, by which the 
whole of the primary rocks, stratified and unstratified, 
are considered to be merely sedimentary deposits, vari- 
ously acted on by heat, affords the only means of re- 
conciling, in a satisfactory manner, the common origin 
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of these rocks, with the varied and dissimilar aspects 
which they now present. 

Tug Mica-scuist SysteM.—Mica-schist is essen- 
tially composed of mica and quartz, the two minerals 
being disposed in alternate layers, forming laminated 
strata, which are extremely wavy and contorted. The 
upper beds approach the character of clay-slate, pre- 
senting laminz of mica, chlorite, talc, and hornblende, 
together with limited beds of crystalline limestone, iron 
ore, &c.; the lower are of more quartzose character, 
consisting of quartz and mica, quartz and chlorite, and 
quartz rock. Its British localities we have already 
mentioned as being the Highlands of Scotland and the 
north-west of Ireland. 

Tue Gneiss System.—Rocks of this character form 
the lower portion of the series. The gneiss itself is 
composed of the same elements as granite, mica, 
quartz, and felspar, and these being arranged in layers, 
which are undulated, or contorted, it may be considered 
slaty granite. The system, as before stated, also con- 
tains, in addition to beds of gneiss, deposits of mica- 
schist, quartz-rock, primary limestone, hornblende- 
schist, and clay-slate, alternating in a very irregular 
manner. We have already adverted, in an early portion of 
this volume, (page 70,) to an opinion expressed by Pro- 
fessor Phillips, in his Treatise on Geology, in the Cabinet 
Cyclopzedia, which is in effect as follows. Whereas 
the gneiss, and the mica-schist, are regarded as meta- 
morphic rocks ; in other words, as sedimentary deposits, 
metamorphosed and rendered crystalline by heat; the 
professor conceives, that the metamorphism, in the in- 
stance of gneiss, appears to have been but partial, and 
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that this rock bas resulted from the abrasion and disin- 
tegration of granite, and has been deposited in its present 
form and texture by an ocean, the waters of which were, 
probably, too warm for the support of animal life. On 
the other hand, it may be urged that the graduation of 
gneiss into mica-schist, and various slaty rocks, and of 
these last into rocks which are unquestionably of aqueous 
origin, confirm the probability of the whole being of the 
common origin to which Dr. Hutton has assigned them, 
and owing their present dissimilarity of texture and 
aspect to the dissimilar degrees of heat to which they 
have been exposed. 

The stratification of gneiss is more or less distinct ; 
the strata are often inclined to the horizon at a very 
great angle; and indeed they are sometimes nearly, if 
not quite, vertical. Mountains composed of gneiss are 
seldom so steep as those of granite; and their summits, 
instead of presenting needle-like points or pinnacles, are 
usually rounded. Gneiss is one of the most metallifer- 
ous of the primary rocks, its ores occurring both as beds 
and veins, but more frequently in the latter form. The 
localities in which gneiss occurs in this island are the 
north and north-western parts, and the Western Isles of 
Scotland. 

Tus Piutonic, on MELTED Rocxs.—These, as we 
have already mentioned, page 203, are usually divided 
into two classes, the trap-rocks, comprising the basalts, 
porphyries, and their associate substances, and the 
granite, and their kindred rocks. The trap-rocks, as 
before mentioned, commonly occur in the shape of veins 
or dikes, as depicted in the accompanying illustration, 
which represents a vein of porphyry, traversing argilla- 
ceous schist, St. Agnes, Cornwall. 
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F1G. 258.—Vein of porphyry, traversing argil) 
Cornwall. 


aceous schist, St. Agnes, 


Their columnar arrangement is developed at the cave 
of Fingal, in the Isle of Mull, 


UTE 
‘ ar wor W 


1 


a) 


FIG. 259 —Entrance to Fingal’s Cave. 
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The following illustration portrays an instance, oc- 
curring in the vicinity of Carlsbad, of a vein of granite 
traversing a mass of granite older than itself, and 
proving the different ages of this rock. 
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FIG. 260.—Vein of granite, penetrating a mass of granite older than itself, 
in the vicinity of Carlsbad. 

For more minute details, we would again refer to the 
works of Macculloch and others, already cited, and we 
may add, that, as the latest addition to our knowledge 
of these deposits, Mr. Wallace, in a memoir read before 
the Geological Society, May 24th, of the present year, 
proposes to divide the granitic rocks into two classes ; 
the first of which comprises granites, in the composition 
of which the alkaline earths form no essential part; 
whilst in the members of his second class, they are es- 
sential ingredients. His first class is divided into two 
orders ; the first, called by Mr. Wallace perfect granite, 
is a ternary compound of quartz, felspar, and di-axial 
mica, universally diffused, and generally coarse-grained, 
when found in mass; the second order he calls tmperfect 
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granite, including the compounds of felspar and mica, 
without quartz, and of quartz and felspar, without mica. 
He believes there is no binary granitic compound of 
quartz and mica, as such would be incapable of as- 
suming the granitic structure. In his second class he 
includes three divisions: Ist, hornblendic granite ; 2nd, 
talcose granite, or protogine; and 8rd, schorly granite. 
Each of these orders includes several varieties. Of these 
various granites the author regards the ternary, com- 
posed of quartz, felspar, and binaxial mica, as the lowest 
accessible rock of the earth’s original crust, uplifted and 
protruded through sedimentary strata at different periods, 
from the earliest to the latest age of igneous disturb- 
ance. The fine-grained varieties of ternary granite, 
which are often found in veins, have probably been 
fused a second time. The seat of the binary granites 
was probably below that of the ternary rock, but higher 
than that of the granites, which contain alkaline earthy 
substances. In general, the conclusion of the author 
is, that the absence of mica, or the presence of minerals 
abounding in magnesia or lime, or that of metallic 
oxides, or a transition into syenite, porphyry, basalt, or 
volcanic rocks, are indications of an origin of later date 
than that of ancient granite. 

We have already mentioned the classification of the 
whole of the primary deposits into a three-fold division, as 
the most natural and intelligible arrangement, and have 
attributed their texture and aspect, in a general way, to 
theagency ofheat; the metamorphic rocks being conceived 
to have been merely altered by its action, while both the 
trap-rocks and granites have been reduced to a state of 
fusion, the trap-rocks having been ejected beneath the 
waters of the ocean, and the granites having crystallized, 
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from a melted condition under the weight and pressure of 
the strata. With reference to the granites, it may be ob- 
served, that mountains of this rock are usually extremely 
steep, and that their summits present those notched or 
serrated edges, which, in the languages of the south of 
Europe, have occasioned the name of Sierra to be 
bestowed on hills of this character. We have already 
mentioned that the granite rocks occur as dikes and 
veins, which pierce through the incumbent deposits, and 
occasionally penetrate to the top, spreading and towering 
over all they have displaced. We have also named that 
veins of granite are frequently traversed by other veins 
newer than themselves, and have stated that granite 
is thus proved to be of all ages, and to have been fluid 
as late as the close of the secondary, and even during 
the tertiary period. We have also adverted to the fact, 
that it has been protruded in a solid as well as a fluid 
condition, and have instanced the proofs of its solidity, 
when ejected, as being evinced by the absence of any 
dikes or veins ramifying into the surrounding rocks, 
and of any marks of charring or calcining, as well as by 
evidences of rubbing and abrasion, and by masses of 
conglomerates and breccias occurring at the line of 
junction. We have farther alluded to the splendid 
theory of Dr. Hutton, who conceives that the granite, 
as well as the whole of the non-fossiliferous deposits, 
is no independent formation, but merely so much sedi- 
“mentary substance which has been fused by heat; in 
short, so many sandstones, limestones, clays, &c., which 
have first been melted, and then have cooled to their 
present crystallized condition; that it is, in reality, no 
separate structure, but merely the pavement of that 
temple which the Almighty has filled with so many 
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monuments of his wisdom, benevolence, and power. 
And, as in alluding to the antiquity of our earth, we 
cited the existence of kindred spheres, so remote, that 
millions of years are requisite to transmit the light from 
those planets to our own, and, as we inferred, that had 
we power to attain to those distant orbs we should 
behold by no means the limit of creation, but only its 
beginning, and should look not on the blank termina- 
tion of the universe, but only on fresh worlds of light 
and life beaming throughout illimitable space; so it is 
conceived that could we penetrate the secrets of these 
deeply seated and mysterious formations, and learn the 
history of their origin, we should find that we had 
reached, not the end of creative power, intelligence, and 
goodness, but only their beginning, whence we could 
look forth into spheres of wisdom and perfection un- 
known, unsuspected before. 


Conc.usion.—Having thus arrived at the termina- 
tion of our task, we will detain the reader for a moment 
only at parting, while we review the objects which we 
have proposed in this work, and the means we have 
pursued in attaining them. Conceiving, as already 
stated, that the numerous excellent treatises already 
published still left room for another of more introduc- 
tory character, and that their authors frequently sup- 
posed a degree of knowledge, on the part of their read- 
ers, which was not always. possessed, the writer has 
endeavoured, in the present attempt, to supply infor- 
mation of the most elementary kind, and to teach at 
least the rudiments of those studies, the knowledge of 
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which constitutes the attainment of geological science. 
The interest and instruction afforded by these pursuits 
are obvious to all who cultivate them, and the mere 
mention of their chief attractions will prove a sufficient 
recommendation. 

How fascinating is mineralogy! how instructive that 
science which, from the icicle to the diamond, and 
from the drop of water to the starry orbs above us, 
teaches the Jaws which regulate form, and which are 
as prevalent as they are powerful, as simple as they are 
sublime! 

How engaging is the knowledge comprised in the 
term physical geology; the history of the deposition 
of sedimentary substances by aqueous, and their dis- 
turbance by igneous action; of the mighty contest 
between the opposing forces of fire and water, those 
antagonist powers to which the Almighty has so ad- 
mirably delegated the task of renewing and perpetuating 
the solid crust of the earth; their seeming strife issuing 
in order and peace, their apparent conflict harmonizing 
into beauty, fertility, and perfection. 

And, ascending to the animated objects of creation, 
how attractive is conchology ; how admirable the lessons 
conveyed by this apparently subordinate, yet really im- 
portant study! How lovely are the shells! how sym- 
metrical—how beautiful! How vivid their colouring ; 
how elegant their form ; their convolutions how delicate ; 
their outline how graceful; their adaptation how skilful ; 
their entire structure how perfect ! 

Passing onwards to fossil botany, how impressive is 
a study which, from a mutilated stem, or a fragmentary 
leaf, or from the mere impression which these evanescent 
substances have stamped and ‘graven on the rock for 
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ever,” enables us to restore the vegetation and tem- 
perature of the primeval earth at a period when our 
English vales were rich savannahs, thick and matted 
jungles, or rank and swampy marshes, abounding in 
gigantic mosses, colossal reeds, or huge aquatic plants; 
its forests groves of tree-ferns, palms, bananas, and 
bamboos; its climate hotter than the torrid zone! 

And again, reverting to the animal population of those 
by-gone eras, how engaging is paleontology !—how 
instructive a study which teaches the changes in animal 
life, consequent on mutations of climate; the extinction 
and substitution of races observable on our earth, 
abounding, as it has done, first in corals, shells, and 
fish of forms wholly unknown at the present day ; next 
in reptiles of dragon-like appearance, and colossal size; 
these, after a lengthened period, succeeded by mammalia 
of tropical form and nature, the elephant and the masto- 
don, the megathere and the deimothere, until the climate 
gradually moderated, and with it the types of existence, 
till nature by degrees presented, both in her tem- 
perature and in her animal and vegetable forms, the 
aspect which she wears at the present day. 

It were superfluous at this moment to dwell at any 
length on the praise of such pursuits—they are their 
own recommendation, and their own reward. It may, 
however, be permitted to congratulate both the scien- 
tific and the general public, that the prejudice and 
odium once so unjustly and so absurdly attached to such 
inquiries, and to those who cultivate them, have now 
disappeared, and that the period is happily past when 
geology was confounded with infidelity ; and when, to 
look into the works of the Creator, was regarded as an 
act of impiety against Himself. An utter revolution of 
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sentiment has now taken place; and theirs is felt to be 
the impiety, theirs the crime, who would dare to identify 
ignorance with devotion, and forbid us to exercise the 
god-like faculty with which the Almighty has endowed 
even the least-gifted among us, that of adoring the 
Creator in the creation, and tracing his perfections in 
his works. It is, in truth, in inquiries of this nature, 
that we employ the noblest powers, and realize the 
highest ends of our being. Mind acts on matter, and 
matter re-acts on mind, till not only is the material 
world around us advanced in interest and instruction; 
but we ourselves are impelled onward in the great 
career of intellectual advancement and moral improve- 
ment, and rendered wiser and better beings. And 
looking forward past all mere present advantages, if, as 
who can doubt, the happiness of a future state shall 
consist in the perfection of the highest faculties of this, 
we shall, by such contemplations, anticipate in this life 
the felicity of a better, and realize the bliss of an ex- — 
istence, in which we are expressly informed by the most 
philosophic of the Christian inspired writers, that, ‘“‘ we 
shall know even also as we are known!” 


APPENDIX. (A.) 


DIRECTIONS 


FOR 


COLLECTING SPECIMENS OF GEOLOGY 
AND MINERALOGY, 


FOR THE BRITISH MUSEUM. 


BY C. KONIG, ESQ@., KEEPER OF THE MINERALS. 


Tue following short directions being intended for the 
use of such persons as are supposed to be entirely 
unpractised in geology and mineralogy, all technical 
terms, the understanding of which pre-supposes an 
acquaintance with those sciences, have been carefully 
avoided ; as likewise, all references to the relative order 
or superposition of rocks, and the succession in which 
many of the materials to be collected are known to be 
disposed with respect to each other. 

1. Common boulders, rolled pieces of rocks, or their 
fragments, pebbles, &c., picked up at random, in situa- 
tions of no peculiar interest, are very seldom of any 
scientific utility; they had much better be left where 
they are, than made the source of embarrassment to 
those who are expected to arrange and incorporate them 
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with objects of systematic geological or mineralogical 
collections. But boulders, rolled pieces, rubble-stones, 
and even gravel, sand, silt, and other loose materials, 
may prove objects of real scientific importance to the 
intelligent, although unscientific observer, in proportion 
as the nature and mode of their occurrence are ascer- 
tained, or appear to him to be connected with interest- 
ing circumstances and questions ; such as their probable 
origin, and whether they may be considered as gradually 
washed down from higher levels by rains, rivers, &c. ; 
or as remnants of broken-up beds of lakes or seas, (for 
both kinds have often been indiscriminately called allu- 
vial,) &c. He will often find them to contain well- 
preserved remains, such as teeth and bones of the ele- 
phant, hippopotamus, rhinoceros, petrified wood, &c. 
Also, interesting mineral substances, such as particles of 
metallic ores, gems, &c., are frequently found imbedded 
in those deposits of loose materials; let him carefully 
collect, label, and preserve such objects. With regard 
to loose blocks, specimens should in general be detached 
from such only, as, from the situation in which they are 
found, and from other circumstances, have evidently not 
formed part of neighbouring masses, and which are, 
therefore, called erratic blocks. Masses of cliffs and 
rocks precipitated from above, at recent periods, may, 
however, often supply the collector with good specimens 
of strata not easily accessible to him. 

Materials for roads, thrown out in heaps, may furnish 
specimens for collections; but the places from whence 
they are obtained should be previously ascertained. 


Road-stones are frequently brought from very distant 
quarries, 
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2. Upon the whole, rock-specimens should be taken 
fresh from the masses in their native places. Among 
Jocalities most favourable for this purpose, the following 
may be specified :—cliffs on the sea-shore—they fre- 
quently afford very perfect sections of the masses and 
strata of rocks; precipitous sides of rivers, and their 
beds, and of mountain-streams, which often lay open 
strata and beds at depths otherwise difficult to discover; 
ravines and deep valleys transversely crossing the strata, 
and the naked sides of which, especially when long 
operated upon by rivers and mountain torrents, often 
present instructive profiles of stratification; artificial 
sections of ground, such as are produced by quarries, 
gravel-pits, and excavations, of every description, for 
roads, canals, tunnels, wells, &c. 

3. Where mines are worked, the collector will gene- 
rally find some well-informed person or other to assist 
him in his pursuits; but he should use circumspection 
in making purchases of specimens from the common 
miners. 

4. Not unfrequently, one and the same mass of rock 
exhibits great diversity of aspect, through the variation 
which takes place in the mixture and proportion of its 
component ingredients, their colour, &c. Also the 
texture, such as the crystalline-granular, the slaty, the 
compact, &c., are subject to variation, and gradual 
changes have often taken place through atmospheric 
influence, sometimes to a considerable depth into the 
mass. Accidental admixtures, not essential to the 
rock, are likewise frequently observable. As in such 
cases a few specimens would convey but an imperfect 
idea of the true character of the stratum, or other mass 
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of rocks, suites of specimens should be formed, illus- 
trative of most of the varieties which it affords. 

5. The thickness cf each stratum or bed, and other 
circumstances connected with them, such as their hori- 
zontality or inclination, and the angle under which, 
and toward what part of the compass they incline, 
should be regularly noted. Slight eketches of the stra- 
tification of a coast or cliff, marked with numbers cor- 
responding to those on the labels of the specimens 
obtained from those strata, will be found greatly to 
abbreviate the trouble of writing descriptions on the spot. 

6. Examine all places where coal-pits are sunk 
through different strata; procure specimens from these, 
and likewise of the different varieties of coal, paying 
particular attention to specimens of vegetable impres- 
sions which they, or any of the accompanying rocks, 
such as sandstone, &c., may afford. - 

7. No opportunity should be neglected to procure 
secondary fossils of every description, accompanied by 
specimens of the masses in which they are imbedded, 
and which are not seldom chiefly characterized by them. 
Interest should, therefore, everywhere be made with 
quarry-men, and persons engaged in all sorts of works 
of excavation, to preserve whatever may be found by 
them in the way of petrifactions, especially osseous 
remains; and those persons should be particularly cau- 
tioned against breaking to pieces whole skeletons, or 
large portions of them. If possible, the collector should 
in person superintend the excavation. The following 
suggestions, taken from Sir H. De la Beche’s excellent 
treatise, ‘‘ How to observe in Geology,” particularly 
apply to osseous remains of an extremely delicate 
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structure. Instead of endeavouring to extract these on 
the spot, the observer should detach so much of the 
rock as shall, to the best of his judgment, envelope the 
organic remain in a protecting case suitable for the pur- 
pose of transport. Organic remains are generally in 
better condition, according to the little that is done to 
them prior to their final deposit in the Museum. Ifa 
fossil proves brittle to such a degree that the vibrations 
produced by blows to its matrix cause it to splinter up, 
the splinters, if sufficiently large, may be re-adjusted ; 
but it is most advisable, on seeing a fossil begin to 
splinter, to take some stiff clay, if such can be procured, 
and press it down upon it. Wax, or similar materials, 
might advantageously be employed for this purpose, 
with small specimens. With regard to objects of great 
rarity and importance, and which rest exposed in a verv 
friable rock, it may even be desirable to prepare plaster 
of Paris on the spot, and cover the fossil (such as the 
skeleton of a saurian, &c.,) with a thick coating of it. 
By this process the exposed part of a skeleton is set, 
as it were, in a block of plaster, from which, after care- 
fully working beneath it and the fossil in a friable rock, 
it may afterwards be freed, or in which it may be 
allowed to remain, as may be desired. When the 
scattered, yet well-preserved fossil bones of animals are 
found, it often happens that a large portion of the entire 
skeleton may be eventually obtained by diligent search. 
The accidental discovery of a small portion of bone 
rising through the rock may lead to that of entire skele- 
tons, if sufficient care be employed. 

In many slaty rocks fishes, plants, and other organic 
remains abundantly occur among the laminz, pressed 
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down to so thin a substance as not readily to be seen in 
a cross fracture of the rock. When, therefore, such 
organic remains are suspected to exist in a schistose 
rock, detached portions of it should be struck so as to 
lay open the stones in the direction of the laminz. In 
this way multitudes of fossil plants may be obtained, 
of which there were few traces in the cross-fracture of 
the rock. 

8. Wherever deposits of secondary fossils are ob- 
served, it is of importance to note any striking circum- 
stances relative to their mode of occurring ; the propor- 
tion, for instance, in which the several species are 
distributed ; whether they are more abundant in one 
bed of the rock than in another; whether they are 
dispersed in a confused manner through the mass, or 
arranged parallel to the general stratification, or confined 
to the surface of any particular stratum ; or, with regard 
to their individual position, whether shells, for instance, 
are found all exhibiting the same view; orif fishes affect 
a general uniform position or parallelism of their sides 
to the stratification; and such other peculiarities as 
cannot generally be exemplified even by whole suites of 
specimens. 

9. Uncommonly interesting are the osseous remains 
of caverns and grottos which frequently occur in lime- 
stone rocks; these should be diligently sought after and 
visited, even where report may represent them as not 
being ossiferous. The collector, in his examination, 
should proceed systematically by cutting through the 
layers of the- incrustations which he may find at the 
bottom of them, and which are formed by the dripping 
down of water impregnated with calcareous particles ; 
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let him form a series of specimens from the layers 
of this stalagmitic deposit; as. likewise of the alluvial 
matter beneath it, of the gravel, sand, and mud, which 
usually envelop the osseous remains. Of these latter 
he should form a complete series, not only as regards 
the natural difference he may observe in the several 
bones, but likewise the accidental changes observable 
in them, such as appearances of being gnawed, fractured, 
&c. Also other objects which may be found near to, or 
accompanying the bones, such as rounded concretions, 
fragments of stones different from the rock of the cave 
should be collected, and their manner of occurring noted 
onthe labels. In the same manner the collector should 
not neglect recording every circumstance which the spe- 
cimens alone are not calculated to illustrate, such as the 
distribution of the various bones in the caverns, their 
relative abundance, &c. He should also make memo- 
randa relative to the nature and situation of the cavern 
itself, its direction, its dimensions, the presence or ab- 
sence of water in it;—or whether it be furnished with 
fissures, particularly vertical ones; and if so, whether 
these be partly open, or filled with bones and rubble 
cemented together ; whether parts of the sides near the 
opening exhibit a polish as if produced by rubbing 
against; together with other appearances which are likely 
to strike an attentive observer. 

If fissures in limestone rocks should, on examination, 
prove to be filled with osseous remains, cemented together 
by calcareous and other matter, it will be desirable, for 
the purpose of ascertaining whether bones of different 
animals are found at different depths, to extract them 
from the lower as well as the higher portions of the 
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fissure, and carefully to note the succession of the several 
specimens thus obtained. . 

10. Where petrifying sources, as they are called, 
occur, or waters impregnated with calcareous and other 
matter, thrown down and consolidated into masses en- 
veloping branches and other parts of vegetables, &c., 
the collector should, together with specimens, obtain 
any information within his reach, relative to the con- 
dition under which such deposits have been, or continue 
to be formed. In general it is also desirable chemically 
to examine such, and other waters remarkable for any 
striking peculiarity. They may readily be transmitted in 
clean, strong bottles tightly closed, sealed, and labelled. 

11. In tracts of country where volcanos are in action, 
especially if still unexplored by geologists, not speci- 
mens only should be collected, but likewise all the 
historical data that can be obtained relative to the 
different eruptions and other phsenomena connected 
with them; and all such circumstances should be noted 
as in any manner relate to the nature and appearance 
of those volcanos—their situation, form, craters, &c. ; 
together with every particular concerning the lava-cur- 
rents, their heat before consolidation, their direction, &c., 
and perfect suites should be formed of the various vol- 
canic ejections. In endeavouring to detach specimens 
from a current of lava, the collector should not confine 
himself to the upper crust of scoriz; but should like- 
wise obtain fragments from the middle and lower beds. 
Ashes and other pulverulent volcanic matter are best 
preserved in strong bottles. Where they are found to 
enclose organic or other objects, these should be par- 
ticularly attended to. 
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12. With regard to certain other rocks, to which the 
term trappean is applied, and which are now likewise 
generally considered as igneous, or as having been pro- 
pelled, when in a state of fusion, through various rocks 
which they overlie, the collector, under the supposition 
that he is not altogether unacquainted with some of 
these rocks, such as basalt and porphyry, is desired to 
direct his attention to any alteration that may be ob- 
servable in the condition of the strata in immediate 
contact with them. These conditions relate to change 
of colour, lustre, texture, partial fusion or vitrification, 
&c., and many of them may be illustrated by suites of . 
specimens carefully and judiciously selected. 

13. An enumeration of the several instruments re- 
quired by the geological traveller, for determining the 
direction and inclination of the strata, for measuring 
heights, &c., as likewise those for mineralogical investi- 
gation, would be superfluous to the proficient in geology 
and mineralogy, and of no avail to the less scientific 
collector, who, if he wish for information, is necessarily 
referred to treatises on those sciences. It is, however, 
otherwise as regards that indispensable implement, the 
hammer. Two of these, at least, are required; one 
weighing from two to four pounds and a half, for break- 
ing the masses; the other of smaller dimensions, for 
trimming and fashioning the specimens, Common 
hammers are not fit for the purpose; they should be of 
well tempered steel, the handles of very tough wood, 
and most firmly inserted in the heads. The diagrams 
here given represent those more commonly used, and 
which may be had of Messrs. R. and G. Knight, Foster- 
lane, London. Figs. 1 and 2 are of the forms recom- 
mended by the late Dr. M‘Culloch; fig. 3, is known 
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by the name of Sedgwick’s, and fig. 4 by that of De la 
Beche’s geological hammer. The remaining figures (ex- 


FIG. 251.—Models of Hammers. 


cept No. 5) are those of mineralogical hammers of various 
forms and dimensions. 

A few mason’s tools or chisels, and a small miner’s 
pick, fig. 5, may likewise be occasionally found useful. 
A glove of thick leather for the left hand, on which the 
specimens are trimmed; and for their conveyance, a bag 
(likewise of leather), thin and cartridge paper for pack- 
ing, small pieces of paper ready cut for labels, and paste 
or thick gum-water to affix the numbers to the speci- 
mens, constitute, together with wool and cotton for 
delicate secondary fossils, minerals, &c., all the ap- 
paratus that is needful to those who undertake the task 
of collecting. 

14. No particular rules can be given for the operation 
of breaking, trimming, and fashioning rock-specimens ; 
but the skilful management of the hammer, though some 
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patience and practice be required, is by no means of 
difficult acquisition. 

Specimens intended for public collections, generally 
speaking, should be of rather large dimensions; some 
masses, especially compound rocks such as conglome- 
rates, &c., cannot, in all their characteristic parts, be 
studied from diminutive fragments. A convenient 
size is four, to four and half, by three inches, and three 
quarters of an inch to one inch in thickness. Regu- 
larity of shape considerably facilitates the proper and 
safe packing of the specimens. Trim and fashion them 
on the spot, where there is abundance of materials ; 
what you intend to be the finishing blow with your 
hammer will sometimes spoil a specimen. All the 
surfaces must exhibit a fresh fracture, except where it 
is desirable to illustrate disintegration through atmo- 
spheric and other influences; in which case more than 
one specimen should be obtained. 

15. Each object should have its number affixed by 
means of thick gum-water or paste, and be accompa- 
nied by a ticket on which the exact locality is given, 
together with such information relative to the nature 
of the masses from which it is taken as the specimen 
alone is not calculated to convey :—whether they occur 
in distinct concretions, columnar, &c. ; or, if stratified, 
what is the thickness of the stratum, its inclination to 
the horizon, &c. The numbers on the specimens may, 
at the same time, correspond with those of the notes of 
his road- book, if such be kept by the collector. 

16. Great care should be bestowed on the proper 
packing of the objects. Each specimen is to be wrapped 
up in two papers; the inner soft, and less substantial 
than the outer. Put at the bottom of the packing-case 


582 DIRECTIONS FOR COLLECTING FOSSILS. 


a layer of hay, chaff, moss, or other soft substance, per- 
fectly dry. Place on it the specimens edgewise and in 
close contact with each other, so that nothing can dis- 
place them. Fill up the interstices with moss or tow, 
and place the other specimens in the same manner, 
Jayer upon layer, until the box is nearly full, when the 
remaining vacuities are to be closely filled up with the 
same moss, &c., before the lid is fastened. The use of 
saw-dust for this purpose is not to be recommended. 
Loose fragile shells and other small delicate objects are 
best packed by putting them, enveloped in cotton, in 
rows, and rolling these up in sheets of stiff paper. 

17. Still greater care is to be bestowed on such 
mineralogical specimens as present delicate crystalliza- 
tions. These, after being wrapped up loosely in silk 
paper, should be put up separately in a chip-box each, 
and the empty space filled up with cotton. The chip- 
boxes are to be placed at the bottom of the packing- 
case. Minerals, not soft or brittle, may be wrapped up 
and packed nearly in the same manner as geological 
specimens. They are to be placed upright in rows one 
above the other, and with their principal surfaces parallel 
to two opposite sides of the packing-case. The weight 
of such case for land-carriage, or shipping, should not 
exceed one hundred weight. 

18. As the geological collector cannot be expected to 
discover, in his excursions, many specimens of simple 
minerals desirable to be placed in the national collec- 
tion, he will do well if he fall in with persons acquainted 
with, and in the habit of procuring such, to secure their 
services, with a view to obtain all mineral substances 
that are peculiar to any particular colony or tract of 
country; or that claim attention on the score of their 


DIRECTIONS FOR COLLECTING FOSSILS. 583 


superior beauty and perfection of crystallization. This 
latter character should be particularly attended to; it 
is, however, to be observed, that minerals not presenting 
it, may nevertheless prove highly interesting in other 
respects, and that a remarkable locality alone may often 
lend importance to a mineral which is abundantly met 
with at home. 


APPENDIX (B). - 


[The circumstance, that the following attempt to de- 
scribe a day of most instructive and delightful enjoy- 
ment, is now out of print, may possibly plead in excuse 
of its insertion here. ] 


A RYGHTE TREWE STORYE 
OF A WAULKE AND TAULKE, 


ABR0WTE 


GEOLOGYE AND HYSTORYE. 


Gop prosper longe our ladye Queene, 
Our menne of scyence alle! 

What pleasynge waulkes—what learnedde taulkes, 
On Sussex Downes befalle. 


Mantell, who late toe Lewes* broughte 
His followers, fonde and trewe; 

Nowe clymbed the Steynynge hilles, and soughte 
‘** Fresh fyeldes and pastures newe!”’ 


* Alluding to a former lecture. 
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And showed again o’er vale and hille, 
With learnedde taulke and toyle, 

The deedes of old—and older stille, 
The wonders of the soyle. 


First, att the ryver® halted wee, 
Whyle Mantell toke his stande, 
And tolde the marvelles of the sea, 

And chaunges of the lande. 


‘* The insecte smalle,” quod he; ‘‘ the whyle 
Itt flytts among the flowers, 

Thynkes them eternall: do ye smyle? 
Itts ‘errour is but owres ! 


‘ Wee, too, throughowte lyfe’s lyttel daye 
Look owre eche tranquill scene, 

And fondlie thynke ‘twill be for aye, 
And so hath ever bene! 


‘* Butt knowe thatt once noe ryver flowed 
Throughoute these smyling fyeldes ; 

Butt farre-off waters drayned the landes, 
And rann thro’ dystant wealdes ! 


‘¢ And when some vaste expansyve forse 
Broke upp the ocean’s bedde, 

*T was then this ryver found its cowrse, 
And thro’ these valleys spredde! 


‘* And soe, when wee shall vanyshed bee, 
Lyke change shall then come owre ; 

The sea bee lande,—the fyelde a strande— 
The ryver flowe noe more. 


* The Adur, which flows into the sea at Shorcham, 
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** Butt lett us nowe from Nature’s workes, 
Toe deedes of mann resorte, 

For knowe that yonder humble toune 
Was once a royall porte.® 


‘‘ Here, Edwardes, Henryes, sallyed forthe, 
Wyth banner and wyth launce, 

And ofte our monarches sayled from hence 
Toe conqueste and toe Fraunce ; 


‘* And whenn agaynste th’ Armada’s force 
Our fathers dared to stryve, 

Thys porte sent syx-and-twenty shyppes, 
Ande London twenty-five ! 


‘* Thus, if wee Nature’s workes exhume, 
Or owre past hystorie range, 

We finde both mann and Nature’s doome 
Is one perpetuall change! 


‘* Butt seeke we now the churche, and viewe 
Its auncyente, sacredde pyle ; 

Where Saxonn wythe the Normann arche 
Dothe blende its varyedd style! 


** And see, in form of Holye-Crosse 
Was buylte the blessed fane, 

To keepe in mynde the Savyour’s losse, 
And mann’s eternal gayne!"’ 


* Shoreham. 
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And nowe o’er vale, and mount, and dale, 
His followers Mantell broughte ; 

And whyle he tolde the varyed tale, 
This was the lore hee taughte : 


‘‘ The dystante wealdes yee gaze uponne, 
Once swarmed with monsters rare ; 
There raunged the vaste iguanodon, 
The hylosaurus there! 


‘“* And later yett a sea owrspreadde 
The spott where nowe we waulke ; 

And this was once an oceane’s bedde, 
The oceane of the chaulke ! 


‘* And seas more late, in form and date, 
Spredde owre the self-same strande ; 

And many a chaunge most wylde and straunge, 
Reversedd the sea and lande. 


‘* And later stille, o’er yonder hylle, 
Dydd tropycke creatures roam ; 

The wyld horse, deere, fownde pasture here ; 
The elephaunte a home !” 


And thus owre valley, and owre mownte, 
Dydd Mantell holde his cowrse ; 

And pausying laste besyde a fownte 
He there descrybedd its sowrse. 


*‘ This stone of sande, onn which I stande,” 
He sayde the streame besyde, 

‘‘ Beares, deepe and darke, the rypple marke, 
Worn by a ryver’s tyde. 
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‘¢ And Nature’s lawes, from self-same cawse, 
Have marked alyke the clowde ; 

And e’en the sunn hath grooves uponn 
His dymm and distante shrowde.” ’ 


And thence toe porche of Steynynge church, 
A fayre and statelye pyle ; 

And there he tolde its beautyes olde, 
Of nayve, and arche, and aysle. 


And next wee seeke the castled peake, 
And gayn itts friendlye towre, 

The tyme we fyxe to dyne is syxe, 
And harke! itt strykes the howre! 


There vyandes rare are spredde with care, 
And, thankes to frendes, wee fynde 
Refreshyng cheere, provyded here, 
For bodye and for mynde! 


For harke! they alle, at Mantell’s calle, 
Have soughte the castelle keepe, 

To heare once more recounted owre 
The chaunge of lande and deepe. 


Anonn turn’dd hee to hystorye, 
From earthes, and chaulkes, and marles ; 
And shewed toe syghte the lyne of flyghte 
Sought by owre second Charles, 


When forcedd by fate, and Cromwell's hate, 
He flewe from Worcester fyelde, 

And tryedd the chaunce of flyghte to Fraunce, 
Thro’ owre own Sussex wealde! 


* The wife of Colonel Gunter. 
Parry's Coast of Sussex. 
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“ Looke outt, againe, in yonder lane, 
His fyerce pursewers meete, 

And rewdelye ryde the Kynge besyde, 
And shake hym in hys seate. 


“* But thankes to love, and Heav'n above, 
Hee ‘scaped from daunger’s snare, 

Achieved the flyghte to Fraunce by nyghte 
And landedde safelye there!” 


And towlde hee of that lovynge wyfe,* 
Who didd herr courage prove, 

And peryll’d lybertie and lyfe, 
For loyaltye ande love! 


For mann, though hee a traytoure bee 
Toe trewth and dutye’s lawes ; 

Yett womann deare is styll syncere 
Toe love—to honour’s cawse! 


Agen he towlde the storie owlde, 
Yett ever, ever newe, 

Of chaunges wyde, in lande and tyde, 
That earthe and oceane knewe! 


“* Butt I will cease and houlde my peace,” 
Enthusyaste Mantell saydde, 
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“ Whyle cleare and bryghte, before your syghte, 


The charmes of nature spredde. 


“* For harke! from hylle and vale so stylle, 
Ascendes her evening hymne, 


See the Coloncl’s narrative in 
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That now dothe rayse her Maker’s prayse, 
And breathes all love toe Hym! 


‘¢ And marke her fyeldes, her woodes, her wealdes, 
Herr panorama vaste ; 

And see the whyle the sunne doth smyle 
Hys lovelyest and hys laste !” 


For joyes most sweete are also fleete,— 
Now twylyghte’s shadowes felle ; 

Nyghte threwe o’er all her spangledd palle, 
And Mantell badde—* Farewell !” 


Nowe yee who blame this verse soe lame, 
Wnitt by unlearnedd elfe, 

Thynke not hys lore as myne was poore, 
But goe next time yourselfe. 


You'll synge, I ween, “‘ Long live our Queene ; 
And Mantell, long live hee! 

And when he waulkes, and when he taulkes, 
May I be there toe see !’’ 


APPENDIX (C.) 


THE NAUTILUS AND THE AMMONITE. 


The extinction of an entire genus is strongly exemplified in the instance 
of the ammonite. The two shells occur in the earliest formations, and 
both are found simultaneously up to the chalk, where the ammonite ceased 
to exist, no specimen of that genus being found in deposits which overlie 
that deposit, while the nautilus survives at the present day. This 
separation,—the fact that ‘‘the one ie taken and the other left,” has 
appeared to the author a fit subject for poetic illustration, and has given rise 
to the following lines. 

Tue nautilus and the ammonite 
Were launched in friendly strife ; 
Each sent to float, in its tiny boat, 


On the wide wild sea of life. 


For each could swim on the ocean’s brim, 
And when wearied its sail could furl ; 

And sink to sleep in the great sea-deep, 
In its palace all of pearl! 


And theirs was a bliss more fair than this, 
Which we taste in our colder clime ; 
For they were rife in a tropic life, 
A brighter and a better clime ! 


They swam ’mid isles whose summer smiles 
Were dimmed by no alloy ; 

Whose groves were palm, whose air was balm, 
And life—one only joy! 


They sailed all day, through creek and bay, 
And traversed the ocean deep ; 

And at night they sank on a coral bank, 
In its fairy bowers to sleep! 
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And the monsters vast, of ages past, 
They beheld in their ocean-caves ; 

They saw them ride in their power and pride, 
And sink in their deep sea-graves. 


And hand in hand, from strand to strand, 
They sailed in mirth and glee ; 
These faify shells, with their crystal cells, 


Twin sisters of the sea! 


And they came, at last, to a sea long past, 
But as they reached its shore, 

The Almighty’s breath spoke out in death, 
And the ammonite lived no more! 


So the nautilus now, in its shelly prow, 
As over the deep it strays ; 

Still seems to seek, in bay and creek, 
Its companion of other days. 


And alike do we, on life’s stormy sea, 
As we roam from shore to shore ; 

Thus, tempest-tost, seek the lov’d, the lost, 
But find them on earth no more! 


Yet the hope how sweet, again to meet, 
As we look to a distant strand, 

Where heart meets heart, and no more they part 
Who meet in that better land. 
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CoraL Formarions.—The following summary of 
the observations of recent voyagers, on the growth and 
formation of coral islands, is from the work of Dr. 
Mantell. 

The coral banks are everywhere seen in different 
stages of progress, some are become islands, but not 
yet habitable; others are above high-water mark, but 
destitute of vegetation ; while many are overflowed with 
every returning tide. When the polypi which form 
the corals at the bottom of the ocean cease to live, 
their skeletons still adhere to each other, and the inter- 
stices being gradually filled up with sand and broken 
pieces of corals and shells, washed in by the sea, a mass 
of rock is at length formed. Future races of these ani- 
malcules spread out upon the rising bank, and in their 
turn die, and increase and elevate this wonderul monu- 
ment of their existence. 

The reefs which raise themselves above the level of 
the sea, are usually of a circular or oval form, and 
surrounded by a deep and often unfathomable ocean. 
In the centre of each there is generally a shallow 
lagoon, with still water, where the smaller and more 
delicate kinds of zoophytes find a tranquil abode; while 
the stronger species live on the outer margin of the isle, 
where the surf dashes over them. When the reef is 
dry, at low water, the coral animals cease to increase. 
A continuous mass of solid stone is then seen, which 
is composed of shells and echini, with fragments of 
corals, united by calcareous sand, produced by the pul- 
verization of the shells of friable polyparia. Fragments 
of coral limestone are thrown up by the waves; these 
are cracked by the heat of the sun, washed to pieces by 
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the surge, and drifted on the reef. After this the cal- 
careous mass is undisturbed, and offers to the seeds of the 
cocoa and pandanus, floated thither by the waves, a soil 
on which they rapidly grow, and overshadow the white, 
dazzling surface. Trunks of trees, brought by currents 
from other countries, find here, at length, a resting- 
place. With these come some sinall animals, as lizards 
and insects. Even before the trees form groves or forests, 
sea-birds nestle there; strayed land-birds find refuge in 
the bushes; and at a still later period man takes pos- 
session of the newly-erected country. 


The following lines are intended to convey an idea of 
some of the most important and interesting phenomena 
above described, as connected with this singular class 
of beings. 


THE CORALS. 


Beneath the realm which the waves o’erwhelm, 
In the seas of the torrid zone, 

Our ancient race have a dwelling-place, 
In a world that is all our own! 


Earth boasts no spots like the fairy grots 
Where we build our sparry cell ; 

Nor can its bowers produce such flowers 
As in depths of ocean dwell. 


And our forms, so strange, we ever change, 
As over the deep we roam ; 

And our varied hue is ever new, 
As we vary our ocean-home. 


THE CORALS. 


In tranquil calms we wave like palms, 
Or bend like the drooping willow ; 

Or we climb to the verge of the foaming surge, 
And dash to the winds its billow ! 


In peaceful haunts, like tender plants, 
We twine our fragile forms ; 

Or we build a rock to the tempest’s shock, 
That mocks its fiercest storms ! 


And we rear the walls of those marble halls, 
As a precipice high and steep, 

Till a new-found isle is seen to smile, 
Like a beacon o’er the deep! 


By viewless hands, those new-born lands 
Are strewn with blessings rife ; 

Till man appears, and claims the spheres, 
To being raised, and life. 


And we join the piles of those fossil isles, 
Till they spread from shore to shore ; 


And we build from the caves of the ocean-waves 


A world unknown before ! 


Then say, proud man, how poor the plan 
Of thy pyramids, castles, towers ; 

How vain the boasts of thy mightiest hosts, 
Or their labours—compared with ours! 


Though such our lot, yet we are—what ? 
In the scale of being vast,— 

The meanest germs ;—of life’s poor worms, — 
The lowest and the last ! 
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Yet though obscure, and low and poor, 
And lost in distance dim ; 

We still can raise our Maker's praise, 
And pour aur thanks to Him! 


Coat.—While the pages of the first edition were 
passing through the press, the present ministry so far 
attended to the suggestion of Dr. Buckland, as to im- 
pose a duty on the exportation of coal. It is, however, 
proper to state, that considerable difference of opinion 
has ever existed on the subject ; and that Mr. Buddle, in 
particular, an observer of great practical as well as theo- 
retical knowledge, has constantly declared himself in 
favour of unlimited exportation, chiefly on the ground, 
that by supplying other nations we carry on a profitable 
trade, and deter them from discovering coal of their 
own. 

It may be added, that models of the smaller portions 
of the structure of the iguanodon, as the teeth, claws, 
horn, &c., which every collection should possess, may 
be procured of Mr. Tennant, 149, Strand. Mr. Renfree, 
of Truro, may be added to the list of dealers in minerals. 


GLOSSARY 


OF SCIENTIFIC AND OTHER TERMS USED IN THE WORK. 


For more ample details, the reader is referred to the 
excellent work of Dr. Humble. 


A. 


AcEPHALA.— Mollusca wanting the head, as the scallop, 
&e. 

Atcz.—A division of cryptogamous plants, including 
the sea-weeds. 

ALLuvium.— Materials transported and deposited by the 
action of water. 

AtvEo.tus.— Socket of the teeth. 

AmorpuHous.—Shapeless, destitute of regular form. 

AMYGDALOoID.—That cellular structure of the trap- 
rocks, in which mineral substances are embedded. 

ANALOGUE.—A similar representative animal or veget- 
able, as a recent shell, animal, or plant of a fossil. 

ANASTOMOSING.— Running into each other. 

AnGLE.—The following observations may be advan- 
tageously borne in mind. A right angle is formed 
by the insertion of two lines which are perpendi- 
cular to each other, and which form an angle of 90 
degrees, or the fourth part of a circle; the frames 
which contain a pane of glass are an example; an 
acute angle is one which is less than 90 degrees ; 
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an obtuse angle, one which is more; an oblique 
angle is one which is not 90 degrees, and may be 
either more or less, either obtuse or acute. 
ANTENN#.—The projecting feelers of insects. 
ANTHRACITE.—Stone-coal. 
ANTHRACOTHERIUM.—A_ pachydermatous animal, first 
found in a bed of anthracite. 
ARENACEousS.—Composed of sand. 
ARGILLAcEous.—Composed of clay. 
ANTICLINAL Ax1s.—Where the strata diverge from each 
other in opposite directions. (See p. 248.) 
Avaitz.—A mineral resembling hornblende, of dark 
green or black colour, occurring in volcanic rocks. 


B. 


Barytes.—A mineral substance, also called heavy spar. 

Basa.tt.—A mineral composed of augite and feldspar. 

Bastn.—A depression of strata, in which accumulations 
of more modern date are deposited. 

BaTRACHIAN.—Allied to the frog, toad, &c. 

Be.emnitge.—A long, dart-shaped fossil (whence its 
name, ) the dorsal bone of an extinct kind of sepia, 
or cuttle-fish. 

BitumeN.—Mineral pitch, an essential element of good 
coal. 
Biocks, ERRATIC.—A term equivalent to boulders, ap- 
plied to transported masses of primary rocks. 
Bracuiopopa.—Arm-footed; molluscous animals, whose 
organs of locomotion consist of arm-like processes. 

Breccia.—<A term adopted from the Italian to designate 
a mass composed of angular unworn fragments of 
rocks, as conglomerate is formed of worn and 
rounded materials. 
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C. 


CALCAIRE GrossizR.—A series of marine tertiary lime- 
stones, occurring in the vicinity of Paris. 

CaLcargous.—Applied to rocks and other substances, 
of which lime is the base. 

Catcgpony.—A form of silex, so named from the city 
of Calcedon, in Asia, where it abounds. 

Carson.—The elementary constituent of charcoal and 
the diamond. 

CarBonaTE or Limg.—The combination of lime and 
carbonic acid.—All limestones and marbles are so 
composed. 

CaRBONIFEROUS.—Producing coal; a term improperly 
applied to the deposit also called mountain-lime- 
stone. 

CePHALOPopA.—Mollusca, whose organs of locomotion 
are arranged round the head. 

Cetracea.— An order of mammalia, inhabiting the sea. 

Cuert.—An impure variety of flint, frequently com- 

posed of silex and green sand. 

Citta.—Hair-like vibratory organs. 

Concretion.—A combination of separate particles. 

ConrorMABLE.—Applied to strata lying parallel to each 
other. 

ConcLomeRATE.—A mass composed of rounded water- 
worn fragments, cemented together; as breccia is 
used to describe a similar aggregation of uneven 
and angular materials. 

ConiFrEr2.—Trees bearing cones, containing the seeds, 
as the fir, pine, &c. 

CotyLepons.—Seed-lobes of plants. (See p. 293.) 
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Crac.—A provincial term, used to designate the tertiary 
deposits of Norfolk and Suffolk. 

Crater.—The vent at the summit of a volcano. 

CRENULATED.—Notched or toothed. 

CretTacrous.—Belonging to chalk. 

CrinoipeaA.— Lily-shaped animals. 

Crustacea.—Animals having an external crust or ske- 
leton, as the crab, lobster, &c. 
Cryptooamiz.—A class of plants, in which the organs 
of fructification or reproduction are concealed. 
CrysTALLizEp.—Is used to denote that perfect form of 
crystallization, of which crystalline implies a less 
perfect degree. Both are frequently used indis- 
criminately. ‘ 

CycapeEx.—A peculiar order of plants, natives of the 
Cape of Good Hope, and intermediate between the 
monocotyledonous and dicotyledonous classes. 


D. 


De.ta.—Alluvial deposits, formed by rivers. (See 
p. 227.) 

DenupaTIon.—The carrying away a portion of over- 
lying materials by the action of water. (See p. 246.) 

Detritus.— Disintegrated materials of rocks. 

DicotyLEponous.—A grand division of the vegetable 
kingdom, applied to plants having two cotyledons, 
or seed-lobes. (See p. 292.) 

DipELPHY8.—A marsupial animal, allied to the opos- 
sum. 

Dixes.—The intrusion of volcanic among stratified 
rocks. The name is derived from the term applied 


7 GLOSSARY. 601 


in Scotland and the north of England to walls, 
owing to these ejections frequently presenting the 
appearance of walls, owing to the strata on both 
sides having been worn away. 
Dituvium.—A term employed at an early period of the 
science to designate ancient alluvial deposits. 
Dir.—The inclination of strata. (See p. 241.) 


E. 


EcuinopermMata.— Hedgehog-skinned ; applied to crea- 
tures having a prickly external integument, as the 
echinus, or sea-urchin. 

Eocene.— Dawn of the recent or existing period. (See 
p. 410.) 

EscarpMENT.—The steep side of a hill. (See p. 249.) 

Estuary.—Mouths of rivers alternately occupied by the 
waters of the river and the sea. 

Exuviz.—Organic remains. 


F. 


Fautts.—An interruption of the continuity of strata. 
(See p. 254.) 

Fauna.—A term borrowed from the fauni, or rural 
deities of classic mythology, and now used to 
denote the animals; as the flora indicates the 
plants of any given district. 

Fetpspar.—A simple mineral entering into the compo- 
sition of granite and several other igneous rocks. 

FERRUGINOoUs.—Impregnated with iron. 

FLora.—A term employed to denote the plants of any 
particular region, as the term fauna indicates its 
animals, 
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FormMation.—A group or series of strata referred to a 
common date or origin. 

Fossirs.—The mineralized remains of animals and 
plants. 

Frit.—A frothy, spongy substance, arising from the 
imperfect calcination of certain minerals. 


G. 


Gat or Gautt.—A provincial term for beds of blue 
clay, which, though strictly applicable only to those 
of the chalk formation, is locally applied to those 
of other deposits. Thus the clay beds of the 
oolite of Huntingdonshire are'termed galt. 

Gexatinove.—Jelly-like ; semi-fluid like jelly. 

Gracter.—The accumulations of ice and snow in the 
alpine and other mountains. 

Gneiss.—A primary stratified rock. (See p. 2138.) 

GrEENSTONE.—A variety of trap-rock, composed of 
hornblende and feldspar. 

GreywackE.—A term applied to rocks of conglomeritic 
character, bearing marks of induration by heat. 

Grit.—Coarse-grained sandstone. 

Gypsum.—A mineral composed of lime and sulphuric 
acid ; sulphate of lime. 


H. 


Hamite.—Hook-shaped. A shell of an extinct genus 
of cephalopoda. 

Homa.Lonotus.—A genus of trilobites, occurring in the 
Silurian deposits; so named by Mr. Konig, from 
the smoothness of the back. 
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HornBLenpDE.—A simple mineral of a dark green or 
black colour. 

Hytosaurus.—The lizard of the weald. An extinct 
lizard discovered by Dr. Mantell in the sandstone 
of that formation. 

Hypocene.—A term used by Mr. Lyell to denote the 
primary rocks, and signifying that they are formed 
beneath the surface. 


1 

IcEBERG.—A term which, derived from the German, 
literally means a mountain of ice, and is applied to 
the masses of that substance, often of the size of 
hills, which float, partly in, partly out of water, 
both in polar, northern, and southern seas. 

IcutTHyosaurus.—Fish-like lizard; a gigantic marine 
reptile, partaking of the characters of the crocodile 

‘ and the fish. 

Icuana.— An existing lizard, a native of India, Ame- 
rica, &c., &c. 

Icuanopon.—A colossal, extinct saurian, discovered by 
Dr. Mantell in the wealden formation; so named 
from its teeth resembling those of the recent 
iguana. 

IMBRICATED.—Placed one above the other, like the tiles 
of a house. 

INCANDESCENT.—A term applied to mineral masses in a 
state of fusion. 

Inpuction.—The establishing a general conclusion from 
various individual facts. 

InFusor1a.—Microscopic animalcules generated in in- 
fusions. 
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InsEcT1ivorous.—Animals that live on insects, as the 
hedgehog. 

INVERTEBRATA.—Animals destitute of a long flexible 
spine, or vertebral column, as the crab, worm, &c. 

Jura Limestone.— Calcaire Jurassique. Strata of the 
oolitic series, which constituting the mass of Mount 
Jura, derive the name by which they are best 
known on the continent, from this circumstance. 


K. 


KimMertpGE Cray.—A thick bed of bituminous clay ; 
so called from the place in the Isle of Purbeck, 
where it chiefly occurs. 


L. 


LacustrinE.—Belonging to a lake. 

LamMeLLz£.—Thin plates, like sheets of paper. 

Laminz.—Thin plates. 

LaminaTep.—Arranged in thin plates. 

Lava.—The stone flowing in a melted state from a 
volcano. 

Lias.—Corrupted from layers. Employed to designate 
the formation intermediate between the oolite and 
new red sandstone. 

Lienire.— Wood partially converted into coal. 

LirHoLocicvaL.— Used to denote the stony character of 
a mineral mass. 

Litrorat.—Belonging to the sea-shore. 

Loam. —A mixture of sand and clay. 

Loess.—A tertiary deposit on the banks of the Rhine. 
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Lopniopon.—An extinct animal, of the order pachyder- 
mata, so named from the prominences on its teeth. 

LycoropiacEx.—An extinct genus of plants, allied to 
the club-mosses, which occur on the moors and 
mountain-heaths of the north of England. 


M. 


Maprepore. (Literally mother of pores.)—A term de- 
scriptive of corals which have superficial, star- 
shaped cavities or pores. 

MAMMALIA; MAMMIFERA.—Animals which give suck to 
their young. 

MammiLiary.—A surface studded over with rounded 


projections. 
Mammotu.—The elephas primigenius, or primitive ele- 
phant. 


Mari.—A mixture of lime and clay, of various degrees 
of hardness. 

Marsuptats.—Animals which carry their young in a 
pouch, as the kangaroo. 

Marsupite.—A zoophyte, allied to the crinoidea, occur- 
ring in the chalk. 

Mastopon.—An extinct animal, allied to the elephant, 
the name being derived from its having tuberculated 
teeth, from pacros, a breast, and odous, a tooth. 

Matrrx.—The mass or substance in which a fossil is 
embedded. 

MercuHaNnicaL.—Applied to deposits of sedimentary, as 
distinguished from those of igneous origin. 

Meputtary.—Applied to the central pith of plants, and 
the vertebral column of animals. 

M EGALoNyYx.—Great-clawed animal, allied to the sloth. 
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Mecarosaurvus. Great lizard.—An extinct gigantic 
carnivorous reptile. 

MEGaTHERIUM.—An extinct colossal quadruped, allied 
to the sloth. 

Mica.—A simple mineral, one of the component parts 
of granite. 

Mroceng.— Middle tertiary strata. 

Movares.—The double or grinding teeth. 

Motuusca.—Animals with soft bodies, destitute of 
bones. 

Monitor.—A lizard, found both recent and fossil. 

MonocotrLeponovus.—A grand division of the vegetable 
kingdom, founded on the plant having but one 
cotyledon, or seed-lobe. (See p. 293.) 

Muttitocutar.—Applied to many-chambered shells, 
as the nautilus, &c.. 


N. 


NoputE.—A rounded irregularly-shaped mass, as a 
flint. 

NorMaAt.—Regular or legitimate; thus normal form 
means regular or Jegitimate form. 

Nucrtevs.—The centre or point around which other 
matter is collected. 

NumMMULITE.—An extinct many-chambered shell, re- 
sembling a coin; Lat. nummus, whence its name. 


O. 


Ossip1an.— Volcanic glass. 
OrTHOcERATITE.—A straight many-chambered extinct 
shell. 


OssicuLa.—Minute bones. 
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OutLiers.— Detached portions of a main mass of strata. 
(See p. 249.) 

Oxypz.—The combination of oxygen with a metal. 

Oxycen.—For a complete explanation, consult various 
works on chemistry. The beginner may be con- 
tented with knowing, that it constitutes the vital 
portion of the atmosphere, and enters so largely 
into the composition of rocks, as to constitute a 
considerable part of the solid strata of the earth. 
(See p. 218.) 


P. 


PacHYDERMATA.—An order of animals, including the 
elephant, rhinoceros, horse, pig, &c., distinguished, 
as their name, which is derived from the Greek, 
imports, by having thick skins. 

PatgzontoLocy.—The science which treats of extinct 
animals. 

PALXoTHERIUM.—An extinct quadruped, allied to the 
tapir. . 

Patupina.—A fresh-water shell, of snail-like shape. 

PLANorBIS.—A fresh-water shell, of discoidal form. 

PLeEsiosaurvs.—An extinct fossil genus of saurian or 
reptile, combining in itself the attributes of various 
tribes (see p. 507); approximating, however, more 
closely to the lizard than the fish, as the ichthyo- 
saurus approaches more nearly to the fish than the 
lizard. 

Potyparia.—Corals. 

Porrpuyry.—<An igneous rock. (See p. 206.) 

PrecipITATE.—The chemical deposit, in a solid form, of 
a substance held in solution by water. 
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Propucta.—An extinct bivalve shell, found in the lower 
secondary rocks, now termed leptena. (See p. 
268.) 

PTreRoDACTYLE.—An extinct winged reptile. 

Ponice.—Light, spongy, porous lava. 

Pyrites.—Sulphuret of iron, a compound of sulphur 

and iron. 


Q. 


QUA-QUA-VERSAL DIp.—The dip of beds, from a com- 
mon centre to all points of the horizon. (See p. 244.) 

Quartz.—A simple mineral, composed of silex, in its 
purest form. 


R. 


RamosE.— Branched. 

RETICULATE.—Resembling net-work. 

Ruoms.—A quadrilateral figure, of diamond-like shape, 
having its four sides equal. (Sce p. 149.) 

RuomsBoip.—A similar figure, having only two sides 
equal. (Ibid.) 

Ropentia. Gnawers.—An order of animals having a 
peculiar dentition, as the rabbit, hare, squirrel, 
rat, &c. 

Ruminantia.—Animals which chew the cud or rumi- 
nate, (Lat. rumino, as the ox, deer, &c. 


S. 


Saurtan.—An animal, belonging to the lizard tribe. 
Scuist.—The same as slate, from the Greek cyifw, to 
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split, in allusion to the facility with which rocks of 
this texture may be divided or split. 

Scor1£.—Volcanic cinders. 

Secutar. Used to describe the vast periods of geolo- 
gical changes. Thus secular refrigeration indicates 
the succession of ages, during which our planet 
has cooled down from its presumed original state of 
fluidity to its present solid condition. 

SEDIMENTARY.— Deposited as a sediment by water. 

Septaria.—Nodules of clay, having their crevices filled 
with spar, and frequently some organic substance, 
as a nucleus, in the centre. 

SERPENTINE.—A rock, the name of which is derived 
from its stripes and markings frequently resembling 
the skin of a serpent. In its normal form it is 

. composed of diallage and magnesia. 

SHALE or Scuist.—Indurated slaty clay. 

Sirex.—Flint. 

Sitica.—The base of flint. 

SiLriceous.—Flinty. 

SiLiciF1ED.—Changed to flint. 

Sitt.—The comminuted detritus transported by rivers. 

STaLacTiITE.—The dripping of carbonate of lime. (Sve 
p. 546.) 

STALAGMITE.—The same substance dropped on the 
earth. (Ibid.) 

STRaTIFIED.—Deposited in layers or strata, 

StratuM.—A layer of any deposit. 

STRIKE.—The direction or line of bearing of strata, 
which is always at right angles to the dip. (See 
p. 242.) 

SyENITE.—A variety of granite, in which hornblende 
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supplies the place of mica; so named from the 
city of Syene in Egypt, where it occurs. 

SynciinaL Axis.—The reverse of anticlinal, the point 
at which the strata converge towards each other 
(See p. 243.) 


T. 


T estacEA.—Molluscous animals, as snails and whelks, 
scallops and oysters, which have a shelly covering, 
of which others are destitute. 

Tracnytz.—A variety of lava composed of feldspar, 
and often containing crystals of glassy feldspar. 
It frequently passes into other varieties of igneous 
rock. 

Trap.—Volcanic rocks composed of feldspar, augite, 
and hornblende. (See p. 206.) 

Tritopites.—An extinct family of crustacea, having 
the back usually divided into three lobes. 

Turr.—Earthy volcanic rock. 


V. 


Veins.—Fissures in rocks filled up by extraneous 
substances, either earthy or volcanic. (See p. 
216.) 

VERTEBRATA.—A great division of the animal kingdom, 
all which are furnished with a back-bone, as mam- 
malia, birds, reptiles, and fishes, as distinguished 
from mollusca, articulata, crustacea, zoophytes, 
and insects, which have none. 

VEsIcULAR.—F ull of vesicles or cells. 
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U. 


UNconrorMABLE.—Strata lying in a different position 
from those on which they rest, or which rest on 
them. 


Z. 


ZoorpHyTEs.—Animal-vegetables; a term incorrectly 
applied to corals and other animals, supposed to 
resemble plants in form. 
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TESTIMONIALS OF THE PRESS 


IN FAVOUR OF 


THE FIRST EDITION OF THE PRESENT WORK. 


TH1s is a comprehensive book of elementary instruction, which ac- 
quires a specific value from its having grown out of a specific want. 
The author states that, in the course of his geological lectures, he has 
constantly been called on to name some treatise of a more introductory 
nature than those hitherto published; and that not being aware of the exist 
ence of such a work, he has written the present to supply the want,—a want 
which, even with all the geological manuals we possess, has been most ex- 
tensively felt, by the self-teaching, and by those engnged in the teaching 
of others, Great praise is due to Mr. Richardson for the manner in 
which he has executed his task. Though, in a work embracing such a 
vast subject, the temptation was great to an author to introduce partial 
theories of his own, Mr. Richardson has resisted it, and has judiciously 
confined himself to the simplification and arrangement of the materials 
supplied by others. In doing this he has displayed a consummate 
knowledge of the whole scope of his subject, and a satisfactory lucidity 
in all its divisions and subdivisions. Moderate in price, and compen- 
dious in form, the volume will be found a valuable aid either in the 
acquirement or the communication of the science of which it treats ; en- 
tering sufficiently into details to be an enticing stimulus to study, and, at 
the same time, so far comprehensive as to map out to the mind of the 
beginner the vast ficld of knowledge which geology forces him to acquire, 
and the grand results to which it inevitably leads. Within the limits 
of 500 pages, Mr. Richardson has contrived to present a clear outline of 
the objects and practical usefulness of geology—of the history of the 
science—of its claims as an aid to religion and revelation—of the 
multifarious qualifications required by the gcologist—and of the sciences 
connected with geology, as mineralogy, physical geology, fossil concho- 
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logy, fossil botany, and palseontology. In addition to these, are judicious 
outlines of the facts and laws more immediately appertaining to the 
practical portion of the study of geology; the different formations, with 
descriptions and classifications of thcir more remarkable primeval inha- 
bitants. The volume contains upwards of 250 illustrations,—Z7imes, 
Sept. 2, 1842, 

The great success which we are happy to hear this work has already 
met with, was never better merited by an elementary publication. 
Gleaning from the writings and lectures of Cuvier, Sedgwick, Lyell, 
Buckland, and other eminent naturalists and geologists, the substance 
of the valuable information scattered through so many diffuse and 
voluminous records, the author has made so judicious a use of his 
bulky and somewhat unweildy materials, that in one volume of mode- 
rate dimensions, we find a lucid and satisfactory introduction to the 
more elaborate works of these and other great authorities on the sub- 
ject.—Morning Post, June 2, 1842. 

We have no hesitation in pronouncing the work to be one of the most 
popular and useful that has ever issued from the press. Rightly con- 
ceiving that the previous productions on the subject frequently pre- 
sumed a degree of knowledge on the part of the reader which did not 
always exist, the writer has commenced with the very alphabet of the 
science, and furnished instruction of the most elementary kind. After 
@ just and able vindication of the usefulness and value of geology, he 
gives a rapid but animated sketch of its history; under the head of 
first lessons he develops those grand principles on which the details 
of the science are based; and after various chapters, treating of 
mineralogy, physical geology, fossil conchology, fossil botany, and 
paleontology, the work concludes with a rapid but graphic sketch of 
the various geological formations. It is farther distinguished by a 
novel and highly instructive feature, the introduction of exercises at the 
end of each chapter, enabling the student to unite practice with theory, 
and to test the knowledge which he acquires by the perusal of the pro- 
gressive portions of the work, We cannot but characterize it as the 
cheapest, as it is also the best and most clementary work on the science 
which has yet issued from the press, and we fully recommend it for 
general circulation and perusal.—Morning Advertiser, May 31. 

The present publication will be found not only adapted to the use of 
the student of geology, but peculiarly to schools and classes of literary 
and scientific institutions ; indeed it is just such a work as will convey 
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knowledge while it affords amusement; and without technical phrase- 
ology is written in a style sufficiently scientific to enable the reader to 
comprehend other works assuming a higher grade. The engravings, 
two hundred and fifty one in number, are well executed and illustra- 
tive of the subjects treated upon.— Mining Journal, June 4. 

The ultimate design of this volume is very modestly stated in the 
preface, Mr. Richardson proposes simply to present the public, 
with an initial-book, popularly written and clearly constructed, con- 
taining, so to speak, the grammar of geology. Strange to say, there is 
no such work, countless as are our yesources in the way of scientific 
treatises. Bakewell’s admirable volume is not considered quite plain 
enough for mere beginners, and we believe it was the only volume of 
its kind in ovr language, until Mr. Richardson undertook the treatise 
before us. He may, therefore, be congratulated on having directed his 
attention to the subject, and the public may be congratulated on the 
way in which he has conducted it. The publication is well deserving 
of extensive circulation. — The Atlas, June 4. 

The author of this publication, perceiving that the works already 
published on the science are most of them too difficult fur beginners, 
and knowing that what is called geology is no separate department of 
knowledge, but a combination of all the studies of nature under one 
term, first instructs the reader in the associate sciences, before he 
touches on geology; and in separate treatises teaches the elements of 
mineralogy, physical geology, fossil conchology, fossil botany, and 
paleontology, before he enters on a description of the separate geo- 
logical formations, and the structure of the earth itself. With the 
view to unite theory with practice, and to enable the beginner to ascer- 
tain his own progress, he adds a series of lessons at the end of each 
chapter, embodying its most important points of instruction in the 
shape of question and answer, a method admirably adapted not only for 
private students, but for schools and classes of institutions. * © * 
While the strictly elementary part of the volume is thus fitted for the 
pupil, the introductory chapters afford interest for the general reader, 
and contain information which even those more advanced in the science 
may be happy to acquire. The wood engravings which illustrate the 
work are more numerous than we remember ever to have seen in an 
elementary volume, and are most of them extremely spirited. —JUlus- 
trated London News, June 25, 1842. . 

The distinct systems of the great modern gevlogists are clearly ex- 
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plained ; an accurate, and therefore valuable terminology is added, and 
even poetry is enlisted in the history of the science. Another and 
most important feature of this work is, that geological data are recon- 
ciled with the scriptural history of the creation; and while any sacrifice 
of scientific truth is carefully avoided, there is no presumptuous opposi- 
tion of the imperfect evidence afforded by our hitherto most limited 
research to the authority of religion, The power of God in the creation 
is the theme of praise and wonder, and the root of instruction, in these 
pages.— True Tublet, May 28. 

The author has embraced all that is really useful and instructive, 
and we conclude by a hearty recommendation of the work to schoo/s, 
mechanics’ institutions, and students generally.—Illustrated Times. 

We do not hesitate to recommend this work to all persons desirous 
of obtaining an introductory knowledge of geology and its kindred 
sciences; they can scarcely fail of being pleased, like oursel ves— Dublin 
Literary Journal, May 1, 1843. 

Mr. Richardson's “ Geology for Beginners,”"—s volume which, with- 
out the slightest disparagement to any others, is entitled to be universally 
read and studied, by proficients as well as beginners.—Dr. Pye Smith 
on Geology, second edition, p. 40. 

In reading, as we have with much pleasure read, Mr. Richardson’s 
“Geology for Beginners,” we could not avoid recurring to our early 
experience in this study with a feeling of recret, that we had not the 
facilities which this interesting volume is fitted to impart to the class 
for whom it is designed. Compared with the tortuous path we traced, 
and the many detours we made, a cud de sac being sometimes the reward 
of many days’ wanderings, the path along which we have journeyed in 
Mr. Richardson's agreeable company has indeed beena royal road. We 
advert to our own early experience, only because we know it is that of 
many others, and because we are convinced that there is a large class 
participating in the general interest now felt in the wonders of geology, 
who really wonder whether the supposed difficulties of geology can 
ever be overcome * * * * * Be the cause what it may, the 
fact stands confessed, that much has yet to be done on behalf of those 
who are thirsting for knowledge, and by those who, having reached the 
fountains of intelligence, are best fitted to guide its streams into chan- 
nels where they are most wanted, and will be most welcome. In Mr. 
Richardson the beginner will meet with a guide to his geological studies 
who bas himself battled with the many difficulties which come in the 
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way of the inquirer, and, having conquered them all, consecrates his 
attainments to the benevolent work of facilitating the progress of others. 
The ladder on which he has ascended to his present position he leaves 
behind him, and, waiting at its summit, he encourages and guides the 
footsteps of all who are willing to follow him, Throughout bis book he 
has carefully studied the improvement of his readers, and, in addition 
to the information he has himeelf given, has carefully indicated the 
sources from which farther treasures may be derived.— Eclectic Review, 
May, 1843, 

We agree with the author of the work now under consideration, that, 
nothing detracting from the value of any of the works already published, 
an elementary introduction was required,—one which should dispense 
with technicalities, and treat geology as a science with which the public 
ought to be as familiar as general history, as it is only interchanging 
that of the nations of the earth for that of the earth itself. A few words 
will serve to convey a general idea of the plan of the work. In its 
pages will be found, successively traced, the definition and connexions 
of geology—its history and historians—its harmony—the bibliography 
of the subject—mineralogy—physical gceology—fossil conchology and 
botany—paleontology—and sketches of the different groups of rocks; 
all of which are interspersed with numerous well-finished woodcuts. In 
addition, there ie a feature which struck us as exceedingly concise and 
well-adapted, namely, the insertion of ‘“ Exercises” for the student, 
after each chapter, which in no way detract from the absolute value of 
the work, while they essentially contribute to its utility, as a guide- 
book and manua). There is yet another marked peculiarity which we 
should not mention; referring to the best collection of fossils, and 
works relative to each group of rocks, as those which are best cal- 
culated to afford a complete study of the particular riches ofeach. We 
think that Mr. Richardson has certainly gained the object which he 
proposed, and has produced a work which can be safely recommended 
to the student of geology, both for general clearness in arrangement, and 
completeness, embracing as it does the records of the most important 
facts in the science to this time.—Geologist, July, 1842. 

We greet with pleasure the appearance of this book, which is, beyond 
doubt, one of the best elementary works that has been yet published 
on the subject of which it treata, The author, whose publications on 
other matters are known to the public, has bestowed great care on the 
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compilation of the volume, and on the lucid arrangement of the multi- 
farious subjects which he bas collated. His succinet elucidations of 
the science of mineralogy, and his chapter on foesil conchology and fossil 
botany, are excellent; and a number of exercises at the end of each 
division renders the volume peculiarly fitted for self-inetraction, as well 
as for @ class-book tn schools, for which purpose, we understand, it has 
already been applied. A glossary of scientific terms is aleo a valuable 
addition.—Briyhton Gazette, June 23, 1843. 

The whole of these various treatises display such innate powers of 
mind, combined with such indefatigable labour and research, as must 
call forth the admiration and sympathy of the reader, and we cannot 
deny ourselves the gratification of congratulating the writer on having 
produced a work calculated at once to reflect honour on its author, and 
the institution to which he is attached, as well as to promote the cause 
of philosophy and science.—Brijhion Herald, June 1}. 

In a judicious preface Mr. Richardson states hie object to have been 
to produce a volume tore expressly designed for the beginner than 
any yet published. He has fulfilled this object in a highly suc- 
cessful manncr, and has lastingly established his name and fame as a 
writer on ecience.— Brighton Guardian, June 15. 

We had anticipated, from the talent and perfect knowledge of the 
science of geology displayed by Mr. Richardson in the delivery of a 
course of lectures some months ago in this vicinity, and which at that 
time excited much interest, that his work would be one of considerable 
merit, nor have we been disappointed ; his book is decidedly the beat 
that has been produced as an introduction to geology.— Stamford Aler- 
cury, June 10. 

We cannot withhold our admiration of the industry, talent, and 
information displayed in the work. The very attempt is highly meri- 
torious, indicating powers of mind possessed by comparatively few. To 
compose a separate treatise on subjects so difficult and obscare as those 
which constitute the elementary studies of geology, and the cumplete 
acquirement of which, as the author states, would each demand the 
labour of a life to write a manual of such sciences as mineralogy, 
physical geology, fossil conchology, fossil botany, and peleontology, 
which are contained in the present volume, constitutes an effort in the 
highest degree honourable to its author, And when he adds that the 
work has been written not amid the advantages of case and labour, but 
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the cares and difficulties of daily exertion and toil, we cannot refuse our 
admiration of a performance attempted under so much difficulty, and 
achieved with so much success.—Lincolnshire Chronicle, June 10. 

Both the design and execution of this work reflect great credit on 
the author. Among the many admirable treatises on this popular 
science which have hitherto appeared, this is the first that can with 
truth be designated ‘“¢ Geology for Beginners.” Several former works, 
some of them written by the first geologists of the day, are exccllent, so 
far as geology is concerned ; but they are seldom sufficiently simple for 
general readers, especially young persons, and the reason is obvious— 
they do not “ begin at the beginning.” Perhaps no branch of human 
knowledge is so completely dependent on kindred studies as geology, 
and a work was much wanted to prepare the mind of the student for 
the reception of the fundamental facts of geology, by imparting some 
information on the collateral sciences. This want has been supplied by 
the work before us, and the judgment displayed by the author in con- 
densing so much useful matter into so small a apace is highly con- 
spicuous. There is one feature in this volume which will add greatly 
to its usefulness, namely, the exercises at the end of each chapter; these 
are not merely questions confined to the text, on the plan of the inter- 
rogatory school-books; but are admirably calculated to elicit habits of 
thought and observation. It is evident, that nothing can be better 
adapted than exercises thus arranged for creating those habits of inves- 
tigation so necessary to the progress of a young geologist, and, eth this 
manual, geology might be introduced with advantage among other branches 
of instruction in public schools. This volume is well and extensively 
illustrated : beside the frontispiece, by Martin, there are about two 
hundred and fifty engravings. It is inscribed, by permission, to his 
Grace the Duke of Rutland, and such permission is alike honourable 
to his Grace’s judgment and feelings —Birmingham Herald, June 16, 

The plan is excellent, and, we are bound to add, the execution is 
equal to the design. After some preliminary observations, in which 
the author successfully vindicates the practical importance of the study, 
and shows it to be no mere hypothetical or visionary pursuit; but to be 
intimately associated with the welfare of society and the arts of life, he 
presents the reader with a manual of the distinct studies of mineralogy, 
physical geology, fossil conchology, fossil botany, and paleontology, to- 
gether with useful practical directions for generally cultivating the 
science, and at a price which can scarcely prove remunerative, considering 


624 TESTIMONIALS. 


the cost of the illustrations. We thus possess, in a single volume, either 
the substance of the most valuable treatises on these subjects, or in- 
atructions for the most efficacious and best mode of studying them. 
Having by this means imbued the mind of the pupil with the requisite 
preliminary instruction, Mr. Richardson then gives a sketch of the re- 
spective geological formations; and having rendered the reader ac- 
quainted with the principles of natural science, introduces him to nature 
herself, and ber harmonies and beauties, as they are developed in the 
splendid creation around us. We heartily congratulate the writer on 
having produced the best and cheapest elementary treatise on the science 
yet offered to the public.— Cheltenham Free Press. 


IN THE PRESS AND SPEEDILY WILL BE PUBLISHED, 
THE LIFE 


or 


CARL THEODOR KORNER, 


WRITTEN BY HIS FATHER, 
WITH SELECTIONS FROM HIS 
POEMS, TALES, AND DRAMAS, 
TRANSLATED FROM THE GERMAN, 


BY 


THE AUTHOR OF THE PRESENT WORK. 
SECOND EDITION. 


In 2 vols. post 8vo. with five engravings. 


July 1843. 


A CATALOGUE OF 


NEW WORKS AND NEW EDITIONS 


PRINTED FOR 


LONGMAN, 


BROWN, GREEN, 


AND LONGMANS, 


LONDON. 


ANALYTICAL INDEX. 


ACRICULTURE AND RURAL 
AFFAIRS. 


Pages 
Bayldon on aon Rerts, ete. ¢ - 6 
“% the V aluation « of Froperty for 
Poor's Rate - - 6 
Crocker's Land Surveying . - - 9 
Davy's Agricultural ( hemistry - - 9 
Johnson's Farmer's Facycloprdia -  * 15 
Loudon s Encyclopicdia of Agriculture + 18 
Low’s Breeds of the Domesticated Animals 
of Great Britain - - - - 19 
»y Elements of Agriculture - - 
ARTS, MANUFACTURES, AND 
ARCHITECTURE. 
Brande's Dictionary of Scleuce, Litera: 
ture, and Art - ° ° 


Gwilt's Ency a sdinof Acchitoctare - 12 
Loudon’s Encyclopaedia of Cottage, Farm, 

and Villa Architecture and Furniture - 18 

Porter's Manufactuse of Silk - 24 

Poreclain & Glass 24 

26 


Savage’ r) Dictionary of Printing : 


Ure’s Dictionary of AES Manufactures, 
and Mines - - 31 
Wathen's Arts etc. of Ancient ‘Egypt - 31 
BIOCRAPHY. 
Aikin’s Life of Addison = - 5 


Bell's Arpaes of ute most Enlnent British 


Pat 

Biographical Dictionary of the Society for 
the Ditfusion of Useful Knowledge - 6 
Dover's Life of the King of Prussia - - 10 

Dunham’s Lives of the Early W riters of 
Great Britain 10 
Lives of the British Drainattnes 10 

Forster’ s Statesinen a the Commonwealth 


of England - 1} 
Gleig's Lives of the most Eminent British 
Military Commanders + - - eh 


Ifarford’s Life of Dr. Burgess - : - 12 
Jacksun’s Life of Wellington - . - 14 


James's Life of the Black Prince — - 15 
». Lives of the most FE marines Foreign 
Statesinen - 18 


Pages 
Mannier's Biogra hical Treasury - - 21 
penis r Edyes of Emincat British Lew- 


Ruseell’ ® Correspondence of the Duke of 
Bedford - = 
Shelley’s Lives of the ainat Fminent ‘Lite- 
rary Men of Italy, Spalu, and 
Portugal - 
» ives of the most. Eminent 
French Writers == 
Smith's Memoirs of the Marquisde Pombal 
Russell’s Correspondence of the Fourth 
Duke of Bedford - ° 26 
Southey‘s Lives of the British Adnurals - 26 


see 8 


BOOKS OF CENERAL UTILITY. 


Donovan's Domestic Economy | . - 10 
Hand-Book of Taste - - . - 12 
Hints on F- tiquette . e 12 
Hudson's Parcnt’s Hand- Book - - ht 

ve Executor’s Guide ° - - if 

vw On Making Wills - - 14 
Manual for Mechanics’ iashiaitlont - - 19 


Maun cr's Treasury of Knowledge - - 2 
” Scientific and Literary Treasury 2 

” Treasury of Mistory and Bio- 
Reniiical ‘Treasury - - 21 


Geogrna - 21 

Riddie's Dinmond [atin-English Dictionary 24 

Short Whist + 6 

Thomaon's Domestic Management of the 
Sick Room - 

Tomlin’s Law Dictionary - - - - Ww 

Waltzing, Essayon + -— « - + &i 


BOTANY ANDO CARDENINC. 


Callcott's Scripture Herbal — - ° : 
Conversations on Botany - ° - 
Drunimond’s First Steps to Botany : - 10 
Glendinning on the Culture of the Pine 


Apple == - - oN 
Grivor’s Fastern Arboretum - - - Il 
Henslow’s Botany - 12 
Horre on Cultivation of the Grape Vine 

on Open Walla od - - 13 


London: Printed by Manning and Mason, Ivy- lane, St. Paul's. 


4 


—— 


So Oo TC 


. Se St —————— 
ANALYTICAL INDEX 


Pages 
Hooker's British Flora - - 4a 
Compendium of English Flora - 3 
” Ditto in Latin - 7 . - 13 
9 leones Plantarum — « : 13 
- a tay lor’s Blascologia Britan- - 
Jackson's Pic torial Flora - ° ° - id 
Line sGramina Britannica =e - - 16 
Lind a ‘s Theory of Horticulture — - - 
Outlines of the First Frineiples 
of Horticulture — « 17 
» Guide to the Orchard and Kitchen 
Garden - - « 17 
»” Introduction to Botany . - WY 
os Natural System of Botany - 
” Flora Medica + - ° - WY 
” School Botany - - »- VY 
5 Synopsis of British Flora = © VY 
Loudon’s Hortus Britannicas - . 18 
» o Lignosia Londinensia - 18 
‘i Encyclopmdia of Trees & Shrubs = 17 
” Gardening - 
99 Plants . Is 
” Suburban Garden and Villa Com: 
panion - 
Cemeteries and Churchyards - 
Repton’ is Landscape Gardening: and Land- 
scape Architecture - - 2 
Rivers‘s Rose Amateur’s Guide ° - 2 
Roberts on the Vine - - = 2 
Rogers's Veywetable Cultivator . - - 2% 
Smith's Introduction to Botany a ) 
” English Flora se . ° - 96 
CHRONOLOCY. 
Blair's Chronological Tables - - - 6 
Nicolas's Chronic ogy of History + - 
Riddle’s Ecclesiastical Chronology - + 24 


COMMERCE AND MERCANTILE 


AFFAIRS- 
M‘Calloch's Dictionary of Commerce and 
Commercial Navigation ° - - 


Stecl’s Shipmaster’s Assistant - . : 


CEOCRAPHY AND ATLASES. 


Butler's Sketch of Ancient and bsern 
Geography - - 
» Atlas of Modern Geaurapliy. ° 
Ancicot Geography - 
Hall’ ‘. New General Atlas . 
M‘Culloch'’s Dictionary, Geographical, 
Statistical, atid Historical = - 
Malte-Bran’s Geography - 
ares s Treasury of Geography and 
sto 
Murray's Buegelniied dia of Geography . 
Walker’s British Atlas =. _ 


HISTORY. 


Addison’s History of the Knights Templars 
Bell’s History of Russia - ° 
Bloomfield’s Translation of Thucydides 7 
Coolcy's History of Maritime and taland 
Discove 
Crowe's H story of France : 
Dunham's History of Spain and Portugs! 
” History of Europe during the 
Middle Ages - 7 - 
or History of the German Empire 
» History of pores Sweden, 
and Norwa 
» History of Poland . - * 


21 
23 


Pa 

Fergus’s History of United States of 
America « . a 

Grattan’s History of Netherlands 


Keightley’s Outlines of History  * — « 
” History of England - - 
oe Elementary do. ° ° 
” History of Greece ° - 
° Elementary du. « - . 
ry) History of ‘Rome - - - 
” Elementary do, - - - 
ar History of the Roman Empire 


Questions on the shore His- 

tories, separate - 
M‘Culloch's Dictionary, Historical, Geo- 
graphical, and Statistical - = 


Mac kintosh’ s History of England - “ 

Maunder's Treasury of History and Geo- 
graphy « - ° 

Moore's History. of Ireland - 6« -« 

Rome, History of | - ° 

Russells € urrespouderce: “of the Duke of 
Bedford - - - eS 


Scott's History of Scotland - 
Sismondi’s History of the Fall of the 


Roman Empire - 
‘. History of the Italian Re- 
publics ° 
Stebblng’s History of the Christian Charch 
‘ History of the Refurmation = - 


Switzerland, History of - - « . 
Thirlwall's History Yt Greece -« - - 
Turner's History of England - = « ° 


JUVENILE BOOKS, 


Including Mre. Marcet’s Works. 


Boy’s (the) Country Book - 8 = 
Own Book + . ° . 
Ladies? (the Young) Book ° : - 
Marcet’s Conversations — 
On the History of England 
On Chewistry — - 
On Natursh Philosophy 
On Political Economy 
On Vegetable Phy slolony 
For Children ° 
Mareet's the Game of Grammar 
53 Mary’s Graminar 
xe) John Hopkins’ Notions of Poli- 
tical Economy - - 
oo = Willy’s Hulidays - 
ret + Storics for Young ‘Chil- 
dren - 
The Seasons - ° - - 
Marryat’ sMastermau Ready - + « 


MEDICINE. 


Bull’s Hinta to Mothers - 

% Manage ment of Children - 
Copland's Dictionary of Medicine « - 
Elliotson’s Human Physiology - 
Franhum on Envlarged Abdomen . . 
Holland’s Medical Notes - - ° . 


@eeove 
e*ere are 


we Bu yuzuvecs Bax 


Macleod on Rhcumatism 
Percira on Food and Diet 
Reece's Medical Guide 


MISCELLANEOUS , 


Bosworth’s Anglo Saxon Dictionary - . 
Bray’s Philosophy of Meeeaaity: 


Cavendish’s Debates - - < 
Clavers’s Forest Life ° - - 
Colton’s Lacon - . - 
Dendy'‘s Philosoph of Mystery - - 
Duhr He Arto Cane - - - - 
8 = 


Good’s Book of Nature - ‘* 


Pusan sens 


Nua 


w OCD 


1 
3 


TO CATALOGUE OF NEW WORKS. _3 
Pages Pages 
Graham's Fnglish . . - - Murray's Encyclopedia of Geography - 23 
”, Helps to English Ganimer - ol Savage's Dictionary of Printing - - 26 
Guest's Mabinogian - 2 + * « 12 Ure's Dictionary of Arts, Manulseures) 
Hand-Book of ‘Paste - - - - - 12 and Mines . - - ° 
Holland's Progressive Fducation = - - 13 


Howitt'’s Rural Life of England . - 13 
” Visits to Remarkahte Places - 14 
” Student-Life of Germany - - 14 
” Rural and Domestic Life of Ger- 
many - 14 
Colonisation inal Christianity - 14 
Jeffery 8s (Lord) Contributions to the 
E dinburgh Review - - - - 15 
Life of a Travelling Physician - ° 16 
Macaulay's Critic wl and Historical Esanys 19 
Milne on the Valuation of Annuities and 
Assurance on Lives, ete. - 22 
Morgan on Assurances, Annuities, and 


Reversions - - 2 
Morgan (De) on Probabilities - oe 2 9 
Peter Plymley’s Letters - - - 7 
Seaward’> Narrative of Shipwreck - 26 
Smith's (Rev. Sydney) Works - ° 27 
Taylor’s Statesman - : : ° - 2 


NATURAL HISTORY IN CENERAL. 
Catiow’s Popular Conchology -~ ° - 8 


Gray’s Figures of Molluacous Antmals ell 
ve Genera of Birds - ° - ll 
Jenyne’s British Vertcbrate Animals e 15 
Kirhy and Spence’s Entomology + + 16 
Reeve's Conchologin Syste pines ° ° 24 
Stephens’s British Coleoptera + - 2 
Swainson on the Study of Natural History 8 
v8 Animals : - : - oO 
‘6 Qundrupeds - - © + 3B 
be Birds + - - 28 
»” Animals in Menagerics - 3 
ss Fish, Amphiblans, & Heptiles za 
a Insects a 28 
of Malacolo ° 23 

” Habits an } Instincts of Anl- 
mate . : - 38 
A on Hind - 2 
Turton’s Shells of the British Islands - 3 
Waterton’s Essays on Natural History + 31 
Westwood’s Classification of Insects - 


NOVELS AND WORKS OF FICTION. 


Blessington’s (Rady) Meredith ° - 21 
Doctor (the) ° - 9 
Howitt’s (Mary) "Ne ighbours ° ° - 1 
” ” Home - . - 13 

s President’s Packers - 13 
{ngemann’s King Fric and the Outlaws - 14 
James's Eva St, Clair ° ° ° - i 
Novels - - ° . . - is 
Marryat’ s Masterman Ready - - 2 
Rambles of the Emperor Ching Tih” - 8 


ONE VOLUME ENCYCLOPADIAS 
AND DICTIONARIES. 


Blaine’s Encyclopwdia of Rural Sports - 6 
Braude’s Dictionary of mctence, Litera- 

ture, and Art - ° - - 7 

Copland’ a Dictionary of Medicine - - 9 

o 

5 


Gwilt’s Ene clopadia of Architecture - ] 
Johnson's Farmer's Encyclopaedia - 1 
Loudon’s Encyclupadia of Frees and 
Shrubs - - 7 
+5 Encyclopwdia of Gardening - VW 
ee Encyclopwdia of Agriculture - 18 
Encyclopadia of Planta - 18 
M‘Culloch’s Nictionary, Ge Se rapiiont: 


Statistical, and f Historical 21 
” Dictionary, Practical, Theo- 
retical, ete. of Commerce 2) 


POETRY AND THE DRAMA. 


Alkin’s (Dr.) British Poets - - 26 
Baillic’s New Dramas - . : - § 
»» Plays of the Passions - : - 6 
Bowuler's Family Shakspeare - - © 26 
Goldsmith's Porms - - - - - it 
L.E. L's. Poetical Works - ° - 16 
Mac aulay” 5s Lays of Ancient Rome - - &I9 
Milton's L'Alleyro and 1 Penseroso - 2 
Montgomery's Poctical Works . ery 
Moore's Poetical Works * - 2 
vo = Lalla Rookb, medium avo. - 2 
foolscap 8va, a 2S 
Irish Melodies - - « 22 
Mort of Flowers - - ° - 72 
Southey’s Poctical W orks. ° . - 27 
British Poets + . « - 3 
Spirit of the Woods - ° . - 9 
Thonn ’s Seasons - - ° - 399 
POLITICAL ECONOMY AND 
STATSTICS. 
M‘Culloch’s Geographical Statistical, and 
Historical Dictionary - 2 
Political Economy 21 


Smith! 8 Wealth of Nations - - 
Spachman's Statistical Tables - - 
Tovuke's History of Prices - 


RELICIOUS AND MORAL 
WORKS, ETC. 


Pay | 


Bellamv’s Bible : - : . - 6 
Bloomfield's Greek Testament - 6 
” College and School ditto - 6 

rr Greek and English Lexicon 
to New Testament - - 6 
Burder’s Oricntal Customs : - - 7 
Barus’s Christian Philosophy = - - - 7 
Callcott’s Scripture Herbal - - - 3 
Dibdin’s Sunday Library - - - - 2 
Doddridge’s Family Expositor - ° - 9 
Ford’s New Devout Communicant - - Jo 
oy Century of Prayers . - le 
Harcourt’s Doctrine of the Deluge - - hR 
Kippis's Collection of STEIN ete. - - oi 
Mirringe Gift - - - Ww 

O'sullivan on the Apostacy predicted by 
St. Paul - - - - #3 
Parkes’ s Domestic Duties ° . - 23 
Pearson's Prayers for Familics - - OF 


Riddle'’s Letters from a Godfather - - D4 
Robinson's Greek and outs Lexicon 


tothe New Testamen - 95 
Sandford’s Fnglish Female Ww orthies - 4 
ob Female Pnieote neue : e WO 
On Woman - : 2 2 
Tate's History of St. Paul - . 29 
Tavler’ » Tranalnation of Dora Melder - lu 
Turner’s Sacred History - + - 3 
Wardlaw’s Sermons - - - - 3) 
on Socinian Controveray . - 31 
Ww hite on the Gospel 2 - - - ® 
RURAL SPORTS. 
Bainhridge’s Fly-fisher’s Guide - - & 
Blaine’s Dictionary of Sports - - - 6 
Hansard's Fishing fn Wales - : - 
Hawker’s Instructions to Sportsmen - ID 


TOPOCRAPHY AND CUIDE 


4 ANALYTICAL INDEX, 
Pages 
Martingale's Sporting Scenes - : - wD 
Ronald's Fly-fisher’s Entomology + - 25 
Thacher’s Courser’s Companion + © 2 
0 Coursing Rules - - - 2 


THE SCIENCES IN CENERAL, 
AND MATHEMATICS. 


Bakewell's Introduction to Geology - & 
Brande’s Dictionary of meenes, Litera- 

ture, and Art - - - 7 
Brewster's Optics - - - 7 
Bischofl on the Heat of the Globe - - 6 
Conversations on Mineralogy - - 8 
De Ja Beche an the Geology of Cornwall,ete. 9 
Donovan's Chemistry - 9 
Farcy onthe Stcann Engine -  - = WW 
Fosbroke ontbe Arts, Manners, Manafac- 

turcs, and Institutions of the Greeks 

and Romans - - - ° - -uH 
Greener's Science of Gunnery - e- il 

- On the Gun - - -hh 

Herschel's Natural Philosophy - - 12 

Astronomy == - - 12 
Holland's Manufactures in Metal - - 13 
Kane's Elements of Chemistry - - 15 
Kater and Lardnce’s Mechanics - - 15 
Lardoer’s Cabinet Cyclopadia - - 16 

ie Hsdrostatics and Pneumatics - 16 

” Ele ctricity and Magnetism - 16 

» Arithmetic - - - 16 

cs Geometry - - - - 16 

Treatise on Heat - - 16 
Froya on Light and Vision - - - 17 
Mackenzie's Physiology of Vision « - 19 
Marcet’s (Mrs.) Conversations on the 
Sciences, ete - 19 
Moseley’s Practical Mechanics - 

‘9 Engineering and Architecture 22 
Narrien'’s Eleneots RE Manes - - 
Parnell on Roads — - - - - 2 
Pearson's Practical Astronom - 
Phillips's Palwozoic Fossils of C ornwall pete. 24 

» Guide to Geology - - - 24 

” Treatise on Geology - - - 4 

Introduction to Mineralogy - 23 
Portlock's Re port on the Geology of 
Londonderry - - - 24 
Powell's Natoral Philosophy - - - of 
Roberts's Dictionary of Geology — - - & 
Wilkinaon’s Engines of War - - - ®@ 
Wood on Railroads - - - . -« 82 


BOOKS. 
Pages 
Addison's History of the Temple Phereh: & 
a Guide to ditto - - b 


Britton’s Picture of London - 

Guide to all the W Stenty Places In “Great 
Britain - - - - 12 

Welibeloved's York andes the Romans - 3i 


TRANSACTIONS OF SOCIETIES. 


Transactions of the Fntomological Society W 
” Zovluoyical Society - 3 
Pr) Linuwan Society w 

” Institution of Civil 
Fnyineers - 30 

A Royal Institute of 
British Architects - 30 
Procecdings of the Zuological Socicty - 24 

TRAVELS. 

China, Last Year in - + - - & 
De poetic: s Russia - 2 © * 9 
Laing’s Notes of a Traveller - - - 6 
op = Residence in Norway - - - 16 
oe «=. Tourin Sweden - - - - 16 
Strong’ s Greece as a Kingdom - - 3 
Wilde's Travels im Austria - - - 


VETERINARY MEDICINE. 


Cherry on the Art of Shoeing Horses =< 

Morton's Veterinary Medicine - 
Toxicological Chert 

Percivall’ 8 Hippopathology - 


Auatumy of the Horse - - 
Spooner on the Foot and Leg of the Horse 
- On the Influenza of Horses 


Thomson's Animal Chemistry - 7 
Turner's Experiments on Antioals 
On the Foot of the Horse 
W hite’ sg Veterinary Art - = 
»» Cattle Medicine = 
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CATALOGUE. 


ETC. ETC. 


ADDISON.—THE KNIGHTS TEMPLARS. 


By C.G. Addison, of the Inner Temple. $d Edition, enlarged, 1 vol. square crown S8vo. 


with Ulustrations, 18s. cloth. 


ADDISON.—THE TEMPLE CHURCH IN LONDON: 


Its History and Antiquities. By C.G. Addison, Eaq., of the Inner Temple, author of ** The 
History of the Kuights Templars.” Square crown 8vo. with 6 Plates, 5s, cloth. 


ADDISON.—A FULL AND COMPLETE GUIDE, HISTORICAL AND 


DESCRIPTIVE, TO THE TEMPLE CHURCH. (From Mr. Addison's ** History of the 
Temple Church.”) Square crown 8vo. ls, sewed. 


AIKIN.—THE LIFE OF JOSEPH ADDISON. 


Illustrated by many of his Letters and Private Papers never before published. By Lucy 
Albin. 2 vols. post Svo. with Portralt from Sir Godfrey Kneller's Picture. 18s. cloth. 


BAILLIE’S (JOANNA) NEW DRAMAS. 
3 vols. 8vo. 1d, 169. boards. 


BAILLIE’S (JOANNA) PLAYS ON THE PASSIONS. 
3 vols. S8vo. ll. lle. 6d. boards. 


BAINBRIDGE.—THE FLY-FISHER’S CUIDE. 


Itustrated by coloured Plates, representing upwards of 40 of the most useful Fiics, 
accuratcly copicd from Nature. By G.C. Bainbridge, 4th edition, Svo. 10s. 6d. cloth. 


BAKEWELL.—AN INTRODUCTION TO CEOLOCY. 


Intended to convey Practical Knowledge of the Science, and comprising the most Important 
recount Discoveries; with Explanations of the Facts and Phenomena which serve to confirm or 
invalidate various Geological Theories. By Robert Bakewell. Fifth Edition, considerably 


cnlarged, 8vo. with numerous Plates and Woodcuts, 21s. cloth. 


BAYLDON.—ART OF VALUING RENTS AND TILLACES, 


And the Tenant’s Right of Entering and Quitting Farms, explained by several Specimens of 
Valuations; and Remarks on the Cultivation pursued on Soils in ditherent Situations. 
Adnpted to the Use of Landlords, Land: Agents, Appraisers, Farmers, and Tenants. Sth 
Edition, re-written and Enlarged, by John Donaldson, With a Chapter on the Tithe- 
Commutation Ment-charge, by a Gentleman of much expericnce on the Tithe Commission. 


Svo, lUs. tid. cloth. 


BAYLDON.—TREATISE ON THE VALUATION OF PROPERTY FOR 


THE POOR'S RATE; showing the Method of Rating Lands, Buildings, Tithes, Mines, 
Woods, Navigable Rivera and Canals, and Personal Property; with an Abstract of the 
Poor Laws relating to Rates and Appeals. By J. 8S. Dayidun, author of ** Renta and 


Villages.”” lvol Svo. 7s. 6d. boards, 


| 

b 

r 
= 


6 CATALOGUE OF: NEW WORKS 


BELL.—LIVES OF THE MOST EMINENT ENCLISH POETS. 
By Robert Bell, Esq. 2 vols. foolscap Svo. with Vignette Titles, 12s. cloth. 


BELL.—THE HISTORY OF RUSSIA, 


From the Earliest Period to the Treaty of Tilsit. By Robert Bell, Esq. 3 vols. foolscap 8vo. 
with Vignette Titles, las. cluth. 


BELLAMY.—THE HOLY BIBLE, 
Newly Translated from the Original Hebrew only. By J. Bellamy. 4to. Parts 1 to8. 


BIOCRAPHICAL DICTIONARY 


Of the Society for the Diffusion of Uscful Knowledge. To be continued Quarterly, ia Half- 
volumes. Vol. 1, Part l- Aa to Agathoclea, Sve 128. cloth. 


es 99 oy Completing Vol. 1.—Agathocles to Alexander ILI. of Scotland, 
sro. Ils. cloth. 
Vol. 2, Part ]—Alexander of Seleucia to Ameithon, Avo, 128. cloth. 
” oy «6.2, completing Vol. 2—Ameinocies to Antelini (Leonce), Svo. 128. cl. 


©,° Publishing Quarterly.— The work will probably not execed Thirty Volumes. 


BISCHOFF.— PHYSICAL, CHEMICAL, AND CEOLOCICAL RESEARCHES 


on the Internal Heat of the Globe. By Gustay Bicchotl, Ph. D. Professor of Chemistry in the 
University of Bona. 2vols. Vol. I. svo. Plates and Woodcuts, lus. boards. 


BLAINE.—AN ENCYCLOPADIA OF RURAL SPORTS; 


Or, acomplete Account, Historical, Practical, and Descriptive, of Hanting, Shooting, Fishing, 
Racing, and other Field Sports and Athletic Amusements of the present day. By Delabere 
P. Blaine, Rsq., author of “ Outlines of the Veterinary Art,” "Canine Pathology,” ete. ete. 
With ucarly 600 Enygravings on Wood, by R. Branston, from Drawings by Almen,'T, Land- 
scer, Dickes, etc. Ll thick vol. Svo. pp. 1256, 20. lus. bound iu fancy cloth. 


BLAIR’S CHRONOLOCICAL AND HISTORICAL TABLES, 


From the Creation to the preaent Time. A New Edition, carefully corrected, enlarged, 
and brought dawn to the prescot time. aud printed in a couvenient form. Under the revi- 
sion of Sir Heury Ellis, KH. Wrincipel Librarian of the British Museum, 


BLOOMFLIELD.—HISTORY OF THE PELOPONNESIAN WAR. 


By Thucydides. Newly Trausiated {nto English, and accompanied with very copious 
Notes, Philological and Eaplauatory, Historical and Geographienl. By the Rev. S. T. 
Bloomfeld, D.D. F.S.A. 3 vols. Svo. with Maps aud Plates, 21. 5s. boards. 


BLOOMFIELD.—THE CREEK TESTAMENT : 


With coplous English Notes, Critical, Philological, and Explanatory. By the Rev. S.T. 
Bloomfield, D.D.F.S.A, Jd Edit. improved, 2 vols. 8vo. with a Map of Palestine, 4's. cloth. 


BLOOMFIELD.—COLLECE AND SCHOOL CREEK TESTAMENT; 


With English Notes. By the Rev. 8. T. Bloomfield, D.D. Third Edition, greatly enlarged 
and very Seta ig! huproved, accompanied with a New Mup of Svria and Palestine, 
, *e 


adapted tuthe New stament and Josephus, and an Index of Greek Words and Phrases 
explainea in the Notes, Jomo. 10s. 6d. cluth. 


BLOOMFIELD. — GREEK AND ENCLISH LEXICON TO THE NEW 


TLSTAMENT: cspecially adapted to the usc of Colleges, and the Higher Classes in Public 
Schools; butalse intended as a convenient Manual for Biblical Students in general. By 
Dr. Bluomfeld. Foulscup Svo. 9a. cloth. 


BOSWORTH.—A DICTIONARY OF THE ANCLO-SAXON LANCUACE ; 


Containing the Accentuation, the Grammatical Inflexions, the Irregular Words referred to 
their Themes, the Pandlel Terms from other Gothic Languages, the Meaning of the Anglo- 
Saxou in English and Latlo, and eee Ruglish and Latin Indexes, sceving asa Dic Uionuary 
of English and Anglo-Saxon, as well as of Latin and Anglo-Saxon, With a Preface on the 
Origin and Connexion of the German Tongucs, a Map of Languages, and the Essentials of 


Anglo-Saxon Gronmuer. By the Rev. J. Bosworth, LL.D. Dr. Phil. of Leyden, etc. Royal 
Svo. pp. 766, 21. 2s. boards. Cambridge, 1833. 


BOY’S OWN BOOK (THE): 


A Complete Encyclopaedia of all the Diversions, Athletic, Scientific, and Recreative, of Boy- 
houd and Youth. 19th Edition, square lemu., with wauy Eugravinge on Wood, 5s. Gd. boards, 
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BRANDE.—-A DICTIONARY OF SCIENCE, LITERATURE, AND ART; 
x 


| Comprising the History, Description, and Scientific Principles of every Branch of Human 
Knowledge; with the Derivation and Definition of all the Terms iu general use. Edited by 
W..'T. Brande, F.RLS.0L. and E.; aesisted by Joseph Cauvin, Esq. The various departmenta 
are by Gentlemen of eminence in cach. 1 Ny Aue vol. 8vo. pp. 1353. Illustrated by Wood- 
engravings, 30. bound in cloth. Loudon, 1842. 


BRAY.—THE PHILOSOPHY OF NECESSITY; 


Or, the Law of Consequences as applicable to Mental, Moral, and Social Science. By Charles 
Bray. 2 vols. Svo. lds. cloth. 


BREWSTER.—TREATISE ON OPTICS. 


By Sir David Brewster, LL.D. F.R.S. etc. New Edition. 1 vol. foolscap 8vo. Vignette Title, 
and 176 Woodcuts, 60. cleth. 


BRITTON.—THE ORIGINAL PICTURE OF LONDON: 


With @ Description of its Environs, Re-edited and septal f re-written, by J. Britton, F.S.A. ete. 
Sth Edition, with upwards of 100 Views of Public Buildiugs, Plan of the Streets, and Two 
Maps, Isino. Ys. neatly bound; with the Maps only, 6s. bound. 


BULL.—HINTS TO MOTHERS, 


For the Management of Health during the Perlod of Pregnancy and In the Lying-in Room; 
with an Exposure of Popular Errors in connexion with those subjects. By ‘Thomas Bull, M.D. 
Physician Accoucheur tu the Finsbary Midwifery Institution, etc. ete. 3d Edition, 1 vol. 
fuulscap 8vo. enlarged, pp. 336. 7s. cloth. London, 1841. 


BULL.—THE MATERNAL MANACEMENT OF CHILDREN, 
In HEALTH and DISEASE. By Thomas Bull, M.D. Foolscap Svo. 7a. cloth. 


“6 An excellent guide, and deserves to be generally known.” 
Johuson’s Medico Chirurygical Review, July, 1843. 


BURNS.—THE PRINCIPLES OF CHRISTIAN PHILOSOPHY; 


Containing the Doctrines, Dutics, Admonitions, and Consolations of the Christian Religion. 
By John Burns, M.D. F.R.S, Sth Edition, 12mo. 7s. beards. . 


CONTENTS. 
Man is created forn Future State of Happiness ; the Future State of Happiness; of Personal 


on the Means by which a Future State of Duties; of Relative Duties; of the Duties 
Happiness is procured ; of what is required Men owe to God; of the Admonitions and 
of Man that he may obtain a Future State of Consolations afforded by the Christian Re- 
Happiness; of the Nuture of the Future ligion. 

Stute of Happiness; of the Preparation for 


BURDER.--ORIENTAL CUSTOMS, 


Applied to the [lustration of the Sacred Scriptures. By Samuel Burder, A.M. 3d Edition, 
with additions, foolscap Svo. Xz. Gd. cloth. 
CONTENTS. 

Houses and Tents — Marriage — Children — Ser- and Beasts— Birds, Insects, and Reptiles— 
vants- Food and Drink- Dress and Clothing Froit and Wine-- Kings and Government — 
— Presents and Visiting -- Amusements — War — Punishmeuts — Religion — Time aud 
Books and Letters -- Hospitality — Travelling Scasons — Medicine—Funcrals, cte. 

— Respect and Honour—Agriculture—Cattle 


| BUTLER.—SKETCH OF ANCIENT AND MODERN CEOCRAPHY. 


By Samuel Butler, D.D., Inte Lord Bishop of Lichficld and Coventry; and formerly Head 
Master of Shrewsbury Schoul. New Edition, revised by his Sou, Svo. 9s. boards. 


The present edition has been carefully revised by the author's son, and such alterations 
introduced as continually progressive discuucrica and the latest information rendered neces- 
Wosury. Reeent Travcls have been constantly consulted where any doubt or difficulty seemed to 
require it; and some additiunal matics has been added, both in the ancient and modern part. 


BUTLER.—ATLAS OF MODERN CEOCRAPHY. 
By the Inte Dr. Butler. New Edition; consisting of Twenty-three coloured Maps, from a 
New Set of Plates. 8vo. with Index, 12s. half{-bound. 

RUTLER.—ATLAS OF ANCIENT GEOCRAPHY ; 


Consisting of Twenty-three coloured Maps. With Index. By the late Dr, Batler. New 
Edition, Svo, 12s. half-bound, 


©,° The above two Atlascs may be had, in One Volume, 4to, 342. Aalf- bound. 
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8 CATALOGUE OF NEW WORKS 


CALLCOTT.—A SCRIPTURE HERBAL: 


With upwards of 120 Wood Engravings. By Lady Callcott. Square rown 8vo, pp. 568, 
M38. cloth. 


Thie work contains an account of all the Plants, Drugs, Perfumes, and Gums, mentioned ie 
the Bible; with one or more woodcuts of curry species cercepting lwo, of whith nu authentic 
SiKure can be obtained). The Bible names are rctuincd, and the modern Botanic appella- 
tions added; taugether with the Linnean class and order, and also the Natural urd-vra, aceord- 
ing to the latest authoritics. The terta of Scripture in which the plints are mentioned are 
enumerated; and anaceount of the growth, native country, and uses of the plants is given, 
collected from ancient and mudern autivura, 


CATLOW.—POPULAR CONCHOLOGCY ; : 


Or, the Shell Cabinet Arranged : being an Introduction to the madern System of Conchology; 
with a sketch of the Natural History of the Animals, an account of the Formation of the 
Shells, and acomplete Descriptive List of the Families and Genera. By Agnes Catlow. 
lL vol. fcap. Svo. with SIZ Woudcuts, ls. 6a. cloth, 


CAVENDISH’S (SIR H.) DEBATES OF THE HOUSE OF COMMONS, 


During the Thirteenth Parliament of Great Britain, commonly called the Unreported 
Parhament. To which are appended, Ulustrations of the Parliamentary History of the 
Reign of George IE., consisting of Unpublished Letters, Private Journals, Memoirs, ete. 
Drawn up from the Original Mss., ue J. Wright, Esq., Editor of the Paritamentary 
Hiatory of Fogland. fu 4 vols. roval Svo. Vol. 1 is wow ready, 25¢. cluuk. The work 
is also published in Parta, 68. each, of which Six are now published. 

** These Reports (\Z63—177A) constitute a valuahle addition to Hansard’s Debates, and 
contain much curions matter—intrr alia, upwards of one hundred new speeches of Burke; 
they, im fact, go far to fill up a hitherto hopeless gap in cur Larliamentary history -and 
the publication, with its important appendiecs, doca great honour to the skilland wndustry 
of the discoverer and editor."—Quarterly Review, No 14U, Scpt. lsi2—note, p. 2W. 


CHERRY.—THE ART OF SHOEINC HORSES. 


de the Sicur de Solleysel. To which are added, Notes on his Practice. By Frederick 
Cc na Cherry, Principal Veteriuary Surgeon, late tu the Second Life Guards. Svo. pp. Ww. 
5s. cloth. 


CHINA.—THE LAST YEAR IN CHINA, 


To the Peace of Nanking: as sketched in Letters to his Fricnds, by a Field Officer actively 
emploved in that Country. With « few concluding Remarks on our Past and Future Policy 
in China, 2d Edition, revised. Foolscap Svo. with Map, 7a. cloth. 


CHINESE NOVEL. — RAMBLES OF THE EMPEROR CHINC TIH IN 
KEANG NAN: «a Chinese Tale. Translated by Thin Sheu; with a Preface by James Legye, 
D.D. 2 vols. post vo. 21s, cloth. 


“8 These rambles of the Haroun Alraschid of the Celestial Empire give avery curious, and, 
at the prearnt moment, a peculiarly interesting wiew of Chincee upinions, usages, and inati- 
tutions.’’—Tait's Maypazine. 


CLAVERS.—FOREST LIFE. 


By Mary Clavers, an Actual Settler; author of ‘¢A New Home, Who'll Follow?” 2 vols. 
fcap. Svo, pp. G42, 12s. cloth. 


COLTON.—LACON; OR, MANY THINGS IN FEW WORDS. 
By the Rey. C.C. Colton. New Edition, vo. 12s. cloth. 


CONVERSATIONS ON BOTANY. 


9th Edition, Ha pEOS eae pp. 302, foolscap Svo. with 22 Plates, 7s. 6d. cloth; with the Plates 
coloured, Is. cloth, 

The ohjeet of this work isto enable children and young persons to acquire a knovwledze of 
the weyctable productions of their native country, by introducing tu them, in a familias 
manner, the principles uf the Linnaan System of Batuny. For thispurpose, the arrangement 
of Linnansr is briefly explained; a native plant of each class, with a few ereeptions, is 
examined, and illustrated by an engraving ; and a short account is added of some of the 
prinripal foreign apecics, 


CONVERSATIONS ON MINERALOGY. 


With Plates, engraved by Mr. and Mrs. Lowry, from Original Drawings. 3d Edition, eularged. 
2 vols. J2mo. lds. cloth. 


COOLEY.—THE HISTORY OF MARITIME AND INLAND DISCOVERY. 
By W. D. Cooley, Esq. 3 vole. foulscap Svo. with Vignette Titles, 1Se. cloth. 
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COPLAND.—A DICTIONARY OF PRACTICAL MEDICINE ; 


Comprising Gencral Pathology, the Nature and Treatment of Discases, MAbid Structures, 
and the Disorders especially incidental to Climates, to Sex, and to the different Epochs of 
Life, with numerous approved Formula of the Medicines recommended, By James Copland, 
M.D., Consulting Physiciau to Qucecn Charlotte's Lying-in Hospital; Scnior Physician to the 
Royal Infirmary for Children; Member of the Royal College of Physicians, London ; of the 
Medical and Chirurgics] Societies of London and Berlin, ete. Publishing in Parts, of which 
Eight have appeared.—Part $ was published on November 4th. 


CROCKER—ELEMENTS OF LAND SURVEYING. 


Fifth Edition, corrected throughout, and considerably improved and modernized, b 
T. G. Bunt, Land Surveyor, Bristol. To which are added, TABLES OF SIX-FIGURE 
LOGARITHMS, cte., superinteuded by Richard Farley, of the Nautical Almanac Establish- 
ment, i vol. post 8vo. lls cluth. 


©,* The work throughont is entirely revised, and much new wnatter has been added; there 
ave new chapters, containing very full and minute Directions relating to the modern 
Practice of Surocying. both with and without the aid of angular instruments, The method 
of Plotting Estates, and casting or computing their Areas, are described, ete. cte. The 
chapter on Leuclling alo is new, 


CROWE.—THE HISTORY OF FRANCE, 


From the Earliest Period toa the Abdication of Napoleon. By E. E. Crowe, Esq. 8 vols. 
fuulscap Svo. with Vignette Titles, ls. cloth. 


DAVY (SIR HUMPHRY).—AGRICULTURAL CHEMISTRY: 
With Notes by De. John Davy. 6th Edition, 8vo. with 10 Plates, lds. cloth. 


CONTENTS: 

Introduction; The General Powers of Matter Animal Origin, Manores of Mineral Origin, 
which Influence Vegetation: the Organiza- or Fossil Manures; Improvement of Lands 
tion of Plants; Soils, Nature and Constitue by Burning; Experiments on the Nutritive 
tion of the Atmosphere, and its Influeuce Qualities of differcut Grasscs, etc. 


ou Vegetables; Manures of Vegetable and 


DE CUSTINE.—THE EMPIRE OF THE CZAR, ETC. 
By the Marquis De Custine. Translated from the French. 3 vols. post 8vo. 3s. 6d. 


DE LA BECHE.--REPORT ON THE CEOLOCY OF CORNWALL, DEVON, 


AND WEST SOMERSET. By Henry T. De la Beche, F.R.S. ete., Director of the Ordnance 
Geological Survey. Published by Order of the Lords Commissioners of H. M. Treasury. 
Svu. with Maps, Woodcuts, and 12 large Plates, l4s. cloth. 


DE MORGAN.—AN ESSAY ON PROBABILITIES, 


And on their Application to Life Contingencies and lusurance Offices. By Aug. De Morgan, 
of Trinity College, Cambridge. 1 vul. fuolscap Sve. with Viguette Title, 6s. cloth. 


DENDY.—THE PHILOSOPHY OF MYSTERY. 
By W.C. Dendy. 1 vol. 8vo. 12s. cloth. 


DOCTOR (THE), ETC. 


5 vols. post Svo. 22. 12s. 6d. cloth. 


86 Admirably asthe mystery of the “Doctor’ has been preserved np to the present moment, 
there is nu lunger any renson for affecting secreay on the aubject. The anthor is Robert 
Southey ; Ae acknowlrdged the faet shortly before his last illness to his most confidential 
friend, an MPL of hivAk canracter, Inia private letter from Mra. Southey, dated February 
27, 1345, she not only states the fact, but adds that the greater part of a sixth nolume had 
grone through the preas, and that Suuthey looked forward to the pleasure of drawing her 
into it as acuntributor; giving her full authority to affirm that her husband ta the author." 


Robert Bell, Esq., in The Story Teller, No. 1. 
DODDRIDGE.—THE FAMILY EXPOSITOR ; 


Or, a Paraphrase and Version of the New Testament: with Critical Notes, and a Practical 
Improvement of cach Section. By P. Duddridge, DD. To which is pretixed, a Life of the 
Author, by A. Keppis, D.D. F.R.S. and S.A. New Edition, 4vols. vo. 12. lis. cloth. 


DONOVAN.—TREATISE ON CHEMISTRY. 


Ky Michnel Donovan, Esq. M.R.I.A. Fourth Edition. I vol. foolscap Svo. with Vignette 
Title, 6s. cloth. 
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DONOVAN.—A TREATISE ON DOMESTIC ECONOMY. 


By M. Dondan, Esq M.R.L.A., Professor of Chemistry to the Company of Apothecaries in 
Ireland. 2 vols. foulacap Svo. with Vignette Titles, loz. cloth. 


DORA MELDER : 


A Story of Alaace. By Meta Sander. Translated and edited by the Rev. C. B. Tayler, 
author of “Records of a Good Man's Life,” &c. Fep. Svo.. pp. 286, 2 Mlustrations, 7s. cloth. 


DOVER.—LIFE OF FREDERICK Il. KING OF PRUSSIA. 
By Lord Dover. 2d Edition, 2 vole. 8vo. with Portrait, 28s. boards. 


DRUMMOND.—FIRST STEPS TO BOTANY, 


Intended as popular [ilustrations of the Science, leading to Its study as a branch of general 
education. by J.L. Drummond, M.D. 4th Edit. J2mo, with aumerous Woodcuts, 9¢. buards. 


DUHRING.—THE ART OF LIVING. 
By De. H. Duhring. Post 8vo. 5a. cloth. 


“‘ Flappy ts ive when sound health, pure feclings, rational thonghts, and noble deeds, 
combine to rralt its rarthly course. hen man almost reveals in himself the image of his 
Deity, and his home becomes a paradise.”’ 


DUNHAM.—THE HISTORY OF THE GERMANIC EMPIRE. 
By Dr. Dunham. 3 vols. foulscap 8vo. with Vignette Titles, 188. cloth. 


DUNIIAM.--THE HISTORY OF EUROPE DURING THE MIDDLE ACES. 
By Dr. Dunham. 4 vols. foolscap Svo. with Vignette Titles, 1/4. 4a. cloth. 


DUNHAM.—THE HISTORY OF SPAIN AND PORTUCAL. 
By Dr. Dunham. 5 vols. foolscap 8vo. with Vignette Tithes, Ll. 10s. cloth. 


DUNHAM.—-THE HISTORY OF DENMARK, SWEDEN, AND NORWAY. 
By Dr. Dunham. 3 vols. foolscap Svo. with Vignette Titles, 18s. cloth. 


DUNILAM.—THE HISTORY OF POLAND. 
By Dr. Dunham. 1 vol. foolscap Svo. with Vignette Title, 69. cloth. 


DUNHAM.—THE LIVES OF THE EARLY WRITERS OF CREAT BRITAIN. 
By Dr. Dunham, R. Bell, Esq., etc. etc. 1 vol. foolscap Svo. with Vignette Title, 6s. cloth. 


DUNHAM, ETC.—THE LIVES OF BRITISH DRAMATISTS. 


By Dr. Dunham, R. Bell, Esq., etc. 2 vols. foulacap Svo. with Vignette Titles, 12s. cloth 


ELLIOTSON.—HUMAN PHYSIOLOCY : 


With which is incorporated much of the Fleomentary Part of the | Institutiones Physiologicw” 
of J. KF. Bluacnbarte Professor in the University of Gottingen, By Jobin Elbetson, M.D, 
Cantab. FAWS. Fifth Edition, Complete ial thick vol. Svo., with numerous Wood-cuts, 
pp. 1206, 2. 2s. cloth; or separately, in Phree Parts, as followa:— 


Part I.—General Physiology, and the Organic | Part 3. —- Human Generation; the Growth, 


Functions, Oth bedition, 1s, Gd, Decav, and Varieties of Mankind; with an 
Part 2.—The Animal Functions. Sth Edition, Appendix on Mesmerisna, 17s. 
4a. 


FAREY.—A TREATISE ON THE STEAM-ENCINE, 
Historical, Practical, and Descriptive. By John Farey, Engincer. 4to. Ulastrated by 
numerous Woodcuts, and 29 Copper-plates. 5d. 5a. in boards. 

FERGUS.—THE HISTORY OF THE UNITED STATES OF AMERICA, 


From the Discovery of America to the Election of General Jackson to the Presidency. By the 
Rev. H. Fergus. 2 vols. fuolscap Svo. with Vignette Titles, 12s. cloth, 


FORD.—THE NEW DEVOUT COMMUNICANT, 


According to the Church of England ; containing an Account of the Institation, Prayers, and 
Meditations, befure and after the Administration, and a Companion at the Lord’s Table, By 
the Rev, James Ford, B.D. 7th Edit., Smo. 2s. 6d. bound in cluth, gilt edges; feap. Sve. 
3a. Gd. bound. 


FORD.—A CENTURY OF CHRISTIAN PRAYERS, 


On FAITH, HOPE, and CHARITY: with a Morning and Evening Devotion, By the Rev. 
James Ford, B.D. 3d Edition, Imo. 4s. cloth. 
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FORSTER.—STATESMEN OF THE COMMONWEALTH OF ENCLAND. 


With an Introductory Treatise on the Popular Progress in English History. By John Forster, 
Esq. & vols. foolseap Svo. with Original Portraits of Pym, Eliot, Hampden, Cromwell, and an 
Historical Scene after a Picture by Cattermole, 1d. 10s. cloth. 


The Introductory Treatise, intended as au Introduction to the Study of the Great Civil War in 
the Seventeenth Century, separately, price 2s. 6d. sewed. 
The above 5 vols. form Mr. Forster's Portion of the Lives of Eminent British Statesmen, by Sir 


James Mackintosh, the Hight Hon, ‘T. P, Courtenay, and Jobu Forster, Esq. 7 vols. foulecap 
8vo with Vignette Titles, 24. 2s. cloth. 


FOSBROKE.—A TREATISE ON THE ARTS, MANNERS, MANUFAC- 
TURES, and INSTITUTIONS of the GREEKS and ROMANS, By the Rev. T. D. Fosbroke, 
etc. 2vols. fuclscap 8vo. with Viguette Titles, 12s. cloth. 


FRANKUM,— DISCOURSE ON THE ENLARCED AND PENDULOUS 
ABDOMEN, shewing it to be a Visceral Affection, attended with Important Consequences 
in the Human Economy; with cursory Obscevations on Diet, Exercise, and the General 

‘ Management of Health: for the use of the Dyspeptic. By Richard Frankum, Esq. Surgeon, 

The Second Fditiou, augmented, with a Dissertation on Gout, suggesting new Physiological 


Niet + to its Cause, Prevention, add the best Course of Treatuicut, Fuolscap dvo. pp. 126, 
. Cloth, 


GLEIG.—LIVES OF THE MOST EMINENT BRITISH MILITARY COM- 
MANDEKS, By the Rev. G. R.Gleig. 3 vols. foulscap Svo. with Vignette Titles, 18s. cloth. 


GLENDINNING, — PRACTICAL HINTS ON THE CULTURE OF THE 


PINE APPLE, By R. Glendinning, Gardener to the Right Hou. Lord Rulic, Bicton. l2mo. 
with Plan of Pinery, Sa. cloth. 


GOLDSMITH’S POEMS, Hlustrated by the Etehing Club—THE POEMS OF 
OLIVER GOLDSMITH. Elustrated by Members of the Etehivg Club, Uniform with 
*¢ Thomson's Seasons.” (See page 29). Square crown Svu.— Jn the press. 


GOOD.—THE BOOK OF NATURE. 
A Popular fllustratton of the General Laws and Phenomena of Creation, By John Mason 
Good, M.D. F.RS.cte. 3d Edition, corrected, J vols. foolscap Svu. 24s. cloth, 
GRAHAM.—ENCLISH; OR, THE ART OF COMPOSITION 


eenlaic in a Series of Instructions and Examples. By G. F. Graham. ,Foolscap 8vo. pp. 348, 
7s. Cloth, 


GRAHAM.—HELPS TO ENCLISH GRAMMAR; 


Or, Easy Exercises for Young Children. By G. F. Graham, author of “* English, or the Art 
of Composition.” Foolscap Svo. illustrated with Eaytavings on Wood, $4. cloth, 


*,* The object of this buok is ete the young acholur distinct ideas upon the subject of 
Grammar; and the work is intended tu be put into his hands befure any regular courac of the 
atudy is entered upon. 


GRATTAN.—THE HISTORY OF THE NETHERLANDS, 
From the Invasion by the Romans te the Belgian Revolution in Iso. By T. C. Grattan, Esq. 
1 vol. foulseap Svo. with Vignette Titles, 6s. cloth. 


GRAY.—FIGURES OF MOLLUSCOUS ANIMALS, 


Selected from various Authors, Ftched for the Use of Students. By Maria Emma Gray. 
Vol. 1. pp. 40, with 78 plates of Figures, 12s. cloth. 


GRAY AND MITCHELL'S BIRDS,—THE CENERA OF BIRDS; 


Comprising their Generic Characters, a Notice of the Habits of each Genus, and an exten. 
sive List of Species, referred to there several Genera, Uy George Mobert Gray, Acad. Imp, 
Georg. Floreat. Soc. Corresp. Senior Assistané of the Zoological Department, British 
Muscum,; and author of the ‘* List of the Genera of Birds,” ete. cote.  Lthustrated with Joo 
imperial dto. Plates, by David William Mitchell, B.A.— da preparation, 


®.* Publication will commence when One Hundred Subreribers’ Names hawr been obtained, 
Prospectusca may be obtained of all Bookacllers; a Specimen may be seen al the Publisacrs, 
GREENER.—THE GUN; 


Or, a Treatise on the various Descriptions of Small Fire Arms. By W. Greeucr, Inventor of 
an Improved Method of Firing Canuon by Percussion, etc. Svu. with Illustrations, los. boards. 


GRIGOR.—THE EASTERN ARBORETUM: 


Or, Register of Remarkable Trees, Seats, Gardena, etc. in the County of Norfolk, With 
Popular Delincations of the British Sylva, By James Grigos, Illustrated by ol Drawings of 
Trees, etched on copper by H. Ninham. 8vy. 178. od. cloth, 
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GUEST.—THE MABINOCION, 


From the Ulyfr Coch o Hergest, or Red Book of Hergest, and other anclent Welsh MSS. 
with an English Translation and Notes. By Lady Charlotte Gucat. 


Part 1.- Containing the Lady of the Fountain. Geraint, the Son of Erbin. Royal Svo. with 
Royal Svo. with Fac-simile and Woodcuts, Ss. Fac-simile and Woodcuts, Ss. 
Part 4.—Containing the Romance of Kilhweh 
Part 2.—Containing Peredur Ab Evrawe ; aTale and Olwen. Royal Svo. with 4 Hlastrations 
of Chivalry, Royal Svo. with Fac-simile and and Fac-simile, Se. 
Woodcuta, Be. Part 5.--Contaiuing the Dream of Rhonabey, 
and the Tale of Pwyll Prince of Dyved. 


Part 3.—Contalning the Arthurian Romance of Royal 8vo. Se. 
GUIDE TO ALL THE WATERING AND SEA-BATHING PLACES OF 


GREAT BRITAIN; coataining full and accurate Descriptions of each Place, and of the Curio- 
sitics and striking Objects in the Envirens; and forming an agrecable and uscful Companion 
during a residence at any of the places, or during asumrocr tour in quest of health or pleasure : 
with a Description of the Lakes, and a Tour through Wales. New Edition, including the 
Scotch Watcring Places, 1 thick vol. lsmo. sllasirated by Wt Views and Maps, 15s. bound. 


GWILT.—AN ENCYCLOPADIA OF ARCHITECTURE; 


Historical, Theoretical, and Practical. By Joseph Gwilt, Fisq. F.S.A. Illustrated with 
upwards of 10 Kogravings on Wood, frum Desizns by J. S. Gwilt. In] thick vol. Svo. 


containing nearly 1300 cluscly-printed pages, 2f. 12s. 6d. cloth. 


HALL—NEW GENERAL LARCE LIBRARY ATLAS OF FIFTY-THREE 


MAPS, on Columbicr Paper; with the Divisions and Boundaries carefully coloured. Con- 
Structed entirely from New Drawings, and cugraved by Sidney Hall. New Edition, thoroughly 
revised and corrected ; including all the Alterations rendered necessary by the recent Omcial 
Survevs, the New Roads on the Continent, and a careful Comparison with the authenticated 
Discoveries published in the latest Voyages and Travels. Folded jn half, Nine Guincas, half- 
bound in russia; full size of the Maps, Ten Pounds, balf-bound in russia, 


HAND-BOOK OF TASTE (THE); 
Or, How to Observe Works of Art, especially Cartoons, Pictures, and Statues. By Fabius 
Pictur, foolscap 8vo. 3s. boards. 


HANSARD.—TROUT AND SALMON FISHING IN WALES. ° 
By G. A. Hansard, 12mo. 6. 6d. cloth. 


HARCOURT.—THE DOCTRINE OF THE DELUCE; 


Vinidicating the Scriptural Account from the Doubts which have recently been cast upon it 
by Geological Speculations. By the Rev. L. Vernon Harcourt. 2 vols. svo. 36s. cloth. 


HARFORD.—LIFE OF THOMAS BURCESS, D.D. F.R.S., ETC. 


Late Lord Bishep of Salisbury; including an extensive Religious and Literary Correspon- 
dence, By John S. Harford, Esq. D.C.L, F.L.S. 2d edition, with additions, fcap. Svo. 
with Portrait, Ss. 6d. cloth. 


HAW KER.—INSTRUCTIONS TO YOUNG SPORTSMEN 


In all that relates to Guns and Shooting. By Licut. Col. P. Hawker. Sth edition, corrected, 
enlarged, and improved, with numerous Explanatory Plates and Woodcuts, svo. 1, Is. cloth. 


HENSLOW.— THE PRINCIPLES OF DESCRIPTIVE AND PHYSIOLO- 
GICAL BOTANY. By J.S. Henslow, M.A, F.LS. ete. Ll vol. foolscap Svo. with Vignette 
Title, aud nearly 70 Woodcuts, Gs. Cloth, 


HERSCHEL.—A TREATISE ON ASTRONOMY. 
By Sir John Herschel. New Edition. 1 vol. fcap. 8vo. Vignette Title, 62. cloth. 


LERSCHEL. —A PRELIMINARY DISCOURSE ON THE STUDY OF 


NATURAL PHILOSOPHY, By Sir John Herschel. New Edition. 1 vol. foolacap 8vo. with 
Vignette Title, Ge. cloth, 


HINTS ON ETIQUETTE AND THE USACES OF SOCIETY: 


With a Glance at Bad Habits. By Ayoyus. **Manners make the Man.” 25th Edition, 
revised (with additions) by a Lady of Rank. Foulscap svo. 2s, 6d. handsomely buund in fancy 
cloth, gilt edges. 

General Observations ; Introductions— Letters of Introduction— Marriage - Dinners—Smohing ; 
Snuff - Fashion — Dress -Masic— Dancing - Couversation — Advice to Tradespeople — Visiting ; 
Visiting Cards — Cards —Tattling--of Gencral Socicty. 
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HOARE.—A PRACTICAL TREATISE ON THE CULTIVATION OF THE 
GRAPE VINE ON OPEN WALLS. By Clement Hoare. 3d Edition, 8vo. 7s. 6d. cloth. 
CONTENTS. 

Introduction; Observations on the present Method of Cultivating Grape Vines on open Walls; 
on the capability and cxtent of the Fruit-bearing Powers of the Viney on Aspect, on Soil; 
on Manure; on the Construction of Walla; on the Propagation of Vines; on the Pruning of 
Vines; on the Training of Vines; on the Management of a Vine during the first five years of 
its growth; Wechly Calendarial Register; General Autumnal Prunings; on the Winter 
Management of the Vine; onthe Planting and Management of Vines in the Public thorough- 


fares of Towns; Descriptive Catalogue of twelve sorts of Grapes most suitably adapted for 
Culture on Open Walls. 


HOLLAND.—PROCRESSIVE EDUCATION; 


Or, Considerations on the Course of Life. Translated from the French of Madame Necker de 
Saussure. By Miss Holland. 3 vols, foolscap Svo. 14s. bd. cloth. 


o° The Third Volume, forming an appropriate conclusion to the frat two, separately, 7s. 6d. 


HOLLAND.—A TREATISE ON THE MANUFACTURES IN METAL. 


ee oe o Holiands Esq. 3 vols. foolecap 8vo. with Vignette Titles, and about 300 Woodcuts, 
. cloth, 


HOLLAND.—MEDICAL NOTES AND REFLECTIONS. 


By Henry Holland, M.D. F.R.S. etc. Fellow of the Royal College of Physicians, Physician 
Extraordinary to the Queen, and Physician in Ordinary to His Royal Highness Prince Albert. 
Qd Edition, 1 vol. 8vo. pp. 654, 189. cloth. 


HOOKER.—THE BRITISH FLORA. 


Vol. L.; comprising the Phenogamous or Flowering Plants, and the Ferns. By Sir William 
Jackson Hooker, K.W. LLP. F.R.A. and L.S. ete. ete. etc. Sth Edition, with Additions 
and Corrections; and 173 Figures, illustrative of the Umbclliferous Plants, the Composite 
Plants, the Grasses, and the Ferns. Vol. I, Svo. pp. SU2, with 12 Plates, 14g, plain; with the 
plates coloured, 24s. cloth. 


Vol. Il. in Two Parts, completing the British Flora, 24s. boards, 
HOOKER.—COMPENDIUM OF THE ENCLISH FLORA. 
2d Edition, with Additions and Corrections. By Sir W.d. Hooker, 12mo. 7s. 6d. cloth. 
THE SAME IN LATIN. 65th Edition, l2mo. 7s. 6d. 


HOOKER.—ICONES PLANTARUM; 


Or, Figures, with brief Descriptive Characters and Remarks, of New and Rare Plants, 
selected from the Author's Herbarium. By Sir W.J. Hooker, K.H. LUD. ctc. 4 vols. 8vo. 
with 400 Plates, 5/. 12s. cloth. 


HOOKER AND TAYLOR.—MUSCOLOCIA BRITANNICA. 


Containing the Mosses of Great Britain snl Ircland, systematically arranged and described; 
with Plates, illustrative of the character of the Geuera and Species. By Sir W. J. Hooker 
and T. Taylor, M.D. F.L.S. etc. 2d Edition, Svo. enlarged, 31s. 6d, plain; 3¢. 38. coloured. 
HOWITT (MARY).—THE HOME; 
Or, Family Cares and Family Joys, By Frederika Bremer. Translated by Mary Howitt. 
2 vols. post 8vo. 2ls. boarda. 
HOWITT (MARY).—THE NEIGHBOURS : 
A Story of Every-day Life in Sweden. By Frederika Bremer. Translated by Mary Howitt. 
2d Edition, revised, 3 vols. post Svo. 18¢. boards, 


HOWITT (MARY).—THE PRESIDENT’S DAUCHTERS. 


By Frederika Bremer. Translated by Mary Howitt. Jn the press. 
e,* In consequence of certain inquiries, Mrs. Howitt bers most distinctly to announce, 
that itis her intention to translate the complete Serica of Miss Rremer's works; for which 
nrposc she has been for some time in personal communication with the authoress, and is 
Jurnished by her with her own copies of her works, with the latest emendations. 


HOWITT.—THE RURAL LIFE OF ENCLAND. 


By William Howitt. New Edition, medium 8vo. with Engravings on Wood by Bewick and 
Williams, uniform with ‘ Visits to Remarkable Places," 2ls. cloth. 


CONTENTS. 
Life of the Aristocracy. The Forests of England. ; 
Life of the Agricultural Population. Habits, Amusements, and Condition of the 
Picturesque and Moral Features of the Country, People; in which are introduced Two New 
Strong Attachment of the English to Country Chapters, descriptive of the Rural Watcring 
Life. Places,and Education of the RuralPopulation 
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HOWITT.—VISITS TO REMARKABLE PLACES; 


Old Halls, Battle-Fields, and Scenes illustrative of Striking phe tae in English History and 
Poetry. By William Howitt. New Edition, medium Svo. with 4) Iflustrations by S. Williams, 
2lea. cloth, 

SECOND SERIES, chicfy in the Counties of DURHAM and NORTHUMBERLAND, with a 
Stroll along the BORDER. TP vol. medium avo. with upwards of Hi highly-finished Woodcuts 
from Drawings made on the spot fer this Work, by Messrs. Carmichacl, Richardsons, an 
Weld Taylor, 218. cluth. 


HOWITT.—THE RURAL AND DOMESTIC LIFE OF CERMANY: 
With Characteristic Sketches of its chicf Cities and Scenery. Collected in a Gencral Tour, 
and during a Residence in that Country in the Years Js4042. By William Howite, author 
of **The Rural Life of England,” ‘* Visits to Remarkable Places,” ‘* The Boy's Country 
Book,” ete. 1 vol. medium Svo., with above 50 Illustrations, cle. cloth. 


HOWITT.—THE STUDENT-LIFE OF CERMANY. 


From the Unpublished MS. of Dr. Cornelius. By William Howitt. 8Svo. with 24 Wood- 
Engravings, and 7 Stee! Plates, 2ia. cloth. 


@,° This Volume contains Forty of the most famous Student Songs, with the Original Music 
adapted tu the pianoforte by Winkeliacyer. 


HOWITT.—COLONISATION AND CHRISTIANITY: 
A Popular History of the Treatment of the Natives, Ip all their Colonies, by the Europeans. 
By William Howitt. Ll vol. post. Svo. 10s. 6d, cloth. 


HOWITT.—THE BOY’S COUNTRY BOOK: 
Being the real Life of a Country Boy, written by Himsclf; exhibiting all the Amusements, 
Pleasures, nud Pursuits of Children in the Country, Edited by Willian Howitt, author of 
66 The Rural Life of Kugland,” etc. 2d Edition, fcap. Svo. with about 40 Woodcuts, Se. cluth. 


HUDSON.—THE PARENT’S HAND-BOOK; 
Or, Guide to the Choice of Professions, Employments, and Situations; containing aseful 
and practical information on the subject of placing out Young Men, and of ubtaining their 
Education with a view to particular occupations. By J.C. Hudson, Esq , author of * Plain 
Directions for Making Wills.’ Fep. 8vo. pp. 254, da. cluth. 


** This volume will be found useful to any parent who is painfully meditating upom that 
dificult subject, how and where he can best place his sonain the world.’—Spectator. 


HUDSON.—PLAIN DIRECTIONS FOR MAKING WILLS 
In Conformity with the Law, and particularly with reference to the Act 7 Wm. IV. and 1 Viet, 
ce. 26. To whichis added, a clear Exposition of the Law relating to the Distribution of Per- 
sonal Estate inthe case of Intestacy ; with two Forms of Wills, and anch useful Information, 
etc. By J.C. Hudson, of the Legacy Duty Office, London. 12th Edition, corrected, with 
Notes of Cases judicially decided since the above Act came into upcration. Foolscap 8vo. 
28. 6d. cloth, gilt edges. 


HUDSON.—THE EXECUTOR’S CUIDE. 
By J.C. Hudson. 3d Edition, foolscap Svo. da. cloth. 
®,* The above two works may be hud in | volume, price 7s. cloth. 


INGEMANN.—KING ERIC AND THE OUTLAWS ; 


Or, the Throne, the Church, and the People, in the Thirteenth Century. By Ingemann. 
Translated from the Danish by Jane Frances Chapman. 3 vols. post 8vo. 1, 11s. 6d. boards. 


86 Full of incident and adventure. We recollect few novels in which the attention of the 
reader is more quickly intercated ur more deeply absorbed. The characters are struck off 
with a shrewd intelligence, and contrast admirably; and the whole tale is original, licely, 
and varied in nu common degrec.”’—Court Journal, 


JACKSON.—PICTORIAL FLORA; 


Or, British Botany Delincated, in 1500 Lithographic Drawings of all the Species of Flowering 
Plants indigenous to Great Britain; illustrating the descriptive works on English Botany of 
Hooker, Lindley, Smith, ete. By Miss Jacksou. 8vo. 15s. cloth. 


JACKSON, ETC.—THE MILITARY LIFE OF FIELD-MARSHAL THE 
DUKF OF WELLINGTON, K.G. FTC. ETC. By Major Basi) Jackson, and Captain 
C. Rochfort Scott, late of the Royal Staff Corps. 2 vols. Svo. with Portrsits and numerous 
Plans of Battles, 30s. cloth. 


JAMES.—EVA ST. CLAIR; 
And other Collected Tales. By G. P. R. James, Esq. 2 vols. post 8vo. 2le. boards. 


Also, by the same Author, 

The Jacquerle—The Ancient Reéyime—Corac De Lean—The King’s Highway— Henry of 
Guise—.The Hugucnot—The Gentleman of the Old School-—-The Robber—Litc and Adventures 
of John Maraton Hall—Sary of Burgundy—One in a Thousand—Attila. Each ia 3 vols. post 
Bvo. 31s. 6d. boards. 
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JAMES.—A HISTORY OF THE LIFE OF EDWARD THE BLACK PRINCE, 


And of various Events connected therewith, which occurred during the Reign of Edward III, 
King of England, By G. P.R. James, Esq. 2d Edition, 2 vols. fuulscap Svo. with Map, lds. 


cloth. 
JAMES.—LIVES OF THE MOST EMINENT FOREIGN STATESMEN. 
By ie James, Esq.,and E. E. Crowe, Esq. § vols. foolscap 8vo. with Vignette Titles. 
a. cloth. 


LORD JEFFERY.—LORD JEFFERY’S CONTRIBUTIONS TO THE EDIN- 
BURGH REVIEW. Four Volumes, 8vo. 


®,* An announcement having been made by an American publisher, that Lord Jegery had 
made a aclection of hia writings with a view to American publication, Messrs. Longman 
and Co. are authorised to contradict that statement. 


JENYNS.—MANUAL OF BRITISH VERTEBRATE ANIMALS ; 


Or, Descriptions of all the Animals belonging to the Classes Mammalia, Aves, Reptilia, 
Amphibia, and Pisces, which have been hitherto observed in the Uritish Islands; includin, 
the Domesticated, Nataralized, aud Extirpated Specics, The whole systematically arranged. 
By the Rev. Leonard Jenyus, M.A. F.L.S. etc. 1 vol. Svo. 13s. boards. 


JOHNSON.—THE FARMER’S ENCYCLOPADIA, 


And DICTIONARY of RURAL AFFAIRS: embracing all the recent Discoveries in Agri- 
cultural Chemistry; adapted to the comprehcusion of unscientific Readers. By Cuthbert 
W.. Johnson, FEsq., F.RoS. Barrister-at-Law, Corresponding Member of the Agricultural 
Socicty of KOnigsberg, and of the Maryland Horticultural Society, Author of several of the 
Prize Essava of the Royal Agricultural Society of England, aud other Agricultural Works; 
Falitor of the ¢ Farmer’s Almanack," ete, thick vol. Svo pp. 16rd, illustrated by Wood 
Engravings of the best and most improved Agricultural Implements, 21. 102. cloth. 


KANE.—ELEMENTS OF CHEMISTRY ; 


Including the most Recent Discoveries and Applications of the Science to Medicine and 
Pharmacy, and to the Arts. By Robert Kane, M.D. M.R.L. A, Professor of Natural Philosophy 
to the Royal Dublin Socicty. 1 thick volume, Svo. with 236 Woudcuts, 244. cloth. 

KATER AND LARDNER.—A TREATISE ON MECHANICS. 
By Captain Kater and Dr. Lardner. New Edition, 1 vol. foolscap Svo. Vignette Title, and 
19 Plates, comprising 224 distinct figures, 6s. cloth, 

KEIGHTLEY.—THE HISTORY OF ENCLAND. 
By Thonas Kcightley, Esq. In2vols. 12mo. pp. 1206, 14s. cloth; or bound, l5e. 

Fer the convenience of Schools the volumes vill always be sold separately. 


KEIGHTLEY.—AN ELEMENTARY HISTORY OF ENCLAND. 


By Thomas Keightley, Esq., author of “ A History of England,” ‘‘Greece,” ‘ Rome,” 
‘© Outlines of History,” etc. ctc. I2mo. pp. 364, 5s. bound. 


KEIGHTLEY.--THE HISTORY OF CREECE. 
By Thomas Keightley, Esq. Third Edition, 12mo. pp. 508, 68. 6d. cloth, or 7s. bound. 
ELEMENTARY HISTORY of GREECE, 18mo. pp. 264, 3s. 6d. bound. 


KEIGHTLEY,—THE HISTORY OF ROME, 


Ta the end of the Republic. By Thomas Keightley, Esq. Third Edition, 12mo. pp. 512, 
6s. 6d. cloth, or 7s. bound. 


ELEMENTARY HISTORY of ROME, 18mo. pp. 2H, 3s. 6d. bound. 


KEIGHTLEY.—THE HISTORY OF THE ROMAN EMPIRE, 


From the Accession of Augustus to the End of the Empire in the West. By Thomas Keightley, 
Raq. 1l2mo. pp. 496, 69. 64. cloth, or 7s. bound. 


QUESTIONS on the HISTORIES of ENGLAND, Parts I. and IL, pp. 56 cach; ROME, 
3d edition, pp. 40; GREECE, 3d edition, pp. 42. 12mo. sewed, le. cach. 
KEIGHTLEY.—OUTLINES OF HISTORY, 
From the Earliest Period. By Thomas Keightley, Esq. New Fdition, corrected and con- 
siderably improved, foolscap Svo. pp. 46S 6s. cloth; or 6s. 6d. bound. 
KIPPIS.—A COLLECTION OF HYMNS AND PSALMS, 


For Public and Private Worship. Selected and prepared by A. Keppis, D.D., Abraham Rees, 
D.D., the Rev. Thomas Jervis, and the Rev. T. Morgan. ‘To which is added, a Supplement. 
New Edition correctcd and improved, ISmo. 5s. bound. 
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KIRBY AND SPENCE.—AN INTROOUCTION TO ENTOMOLOCY ; 


Or, Elements of the Natoral History of Tuscets: comprising an account of noxious and 
vacful insects, of their Mitonorphoses, Food, Stratagetos, Hibitations, Societies, Motions, 
Noises, Hybernation, Instinct, ete. By Wohorhy, MAL FROS. ALS. Rector of Barbara ; 
aud W. Spence, Esq. FARIS. & LS. 6th Edition, corrected aud considerably eularged, 
2 vols. svo. 1d. is. 6d. cloth. 


The first two volumes of the ** Introduction to Entomology’? are now published asa 
separate work, distinct from the third and fourta voluncs, and, though much enlarged, 
ata considerable reduction of price, in order thut the numerous class af readers who confine 
their atudy of insects to that of thrir manners and cconomy, need not be burthened with the 
cost of the technical portion of the work relating to their anatomy, physiology, ete. 


KNAPP.—CRAMINA BRITANNICA; 


Or, Representations of the British Grasses: with Remarks and occasional Descriptions. B 
I. L. Knapp, Esq. F.LS. & A.S. 2d Edition, 4to. with lls Plates, beautifully coloured, 
pp. 250, Jl. 16a. boards. 

LAING.—A TOUR IN SWEDEN 
In 1538; comprising Observations un the Mural, Political, and Economical State of the Swedish 
Nation. By Samuel Laing, Esq. Svo. 12s. cloth. 


LAING.—NOTES OF A TRAVELLER 


On the Social and Polltical State of France, Prussia, Switzerland, Italy, and other parts of 
Europe, during the present Century. By Samuel Laing, Esq. 2d Edition, Svo. 164. cloth. 


LAING.—JOURNAL OF A RESIDENCE IN NORWAY 


During the years 1834, 1545, and 1536; made with a view to inquire into the Rural and Political 
Keonomy of that Country, and the Cundition of its Inhabitauts. By Samucl Laing, Esq. 
2d Edition, Sve. 14s. cloth. 


LAING.—THE CHRONICLE OF THE KINCS OF NORWAY, 
From the Earliest Period of the History of the Northern Sea Kinga to the Middle of the 
Twelfth Century, commonly called the Heinskringla. Translated from the Icelandic of 
Sovorro Sturleson, with Notes, and a Preliminary Discourse, by Samuel Laing, author of 
*©A Residence ia Norway,” * A Tour in Sweden,” and ** Notes of a Traveller.” 
Preparing for publication. 
LARDNER’S CABINET CYCLOPADIA; 


Comprising a Series of Original Works on History, Biography, Literatare, the Sciences, Arts, 
aud Manufactures. Conducted and edited by Dr. Lardner, 


The Serics complete in One Hundred and Thirty-three Volumes, 392, 188. (Three Volumes 
remain to be published.) The Works separate, at 68. per volume. 


LARDNER.—A TREATISE ON ARITHMETIC. 
By Dr. Lardner, LL.D. F.R.S. 1 vol. foolscap Svo. with Vignette Title, 6s. cloth lettered. 


LARDNER.—A TREATISE ON ELECTRICITY AND MACNETISM. 
By Dr. Lardner. 2 vols. foolscap Svo. 12s. (Vol. °, in the press.) 


LARDNER.—A TREATISE ON CEOMETRY, 


And ita Application to the Arts. By Dr. Lardner. 1 vol. foolscap 8vo. Vignette Title, and 
upwards of SUV figures, 6a. cloth. 


LARDNER.—A TREATISE ON HEAT. 
By Dr. Lardner, LL.D., etc. 1 vol. fcap. 8vo. with Woodcuts and Vignette Title, 6s. cloth. 


LARDNER.—A TREATISE ON HYDROSTATICS AND PNEUMATICS. 
By Dr. Lardner. New Edition. ) vol. foolscap Svo. 6e. cloth. 


L. E. L.—THE POETICAL WORKS OF LETITIA ELIZABETH LANDON. 


New Edition (1839), 4 vols. foolscap Svo. with Ilustrations by Howard, etc. 282. cloth 
lettered ; or handsomely bound in morocco, with gilt edges, 20. 4s. 


The following may be had separately :— 


THE IMPROVISATRICE  - - lve. 6d. THE GOLDEN VIOLET - - - 10s. 6d. 
THE VENETIAN BRACELET 10s. 6d. THE TROUBADOUR - - + - 1Us. Gd. 


LIFE OF A TRAVELLING PHYSICIAN, 


From his first Introduction to Practice; including Twenty Years’ Wanderings throughout 
the greater part of Europe. 3 vols. post Svo. with coloured Frontispieces, 31s. 6d. cloth, 
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LINDLEY.—INTRODUCTION TO BOTANY. 


By Prof.J. Lindley, Ph.D. F.R.S.L.S. etc. 34 Edition (1839), with Corrections and consider- 
able Additions, 1 large vol. Svo. pp. 606, with Six Plates and numerous Woodcuts, 18s. cloth, 


LINDLEY.—A NATURAL SYSTEM OF BOTANY 3 


Or, a Systematic View of the Organization, Natural Affinitles, and Geographical Distribation, 
of the whole Vegetable Kingdom ; together with the uses of the most important species in 
Medicine, the Arts, and Rural or Domestic Economy. By John Lindley, Ph.D. F.R.8. LS. 
ete. 2d Edition, with numerous additions and corrections, aud a complete List of Genera, 
with their Synonyms. 8vo. 18s. cloth. 


LINDLEY.—FLORA MEDICA $ 


A Botanical Account of all the most important Plants used in Medicine, in diferent Parts of 
the World. By John Lindley, Ph.D. F.R.S. ete. 1 vol. Svo. 18. cloth. 


LINDLEY.—SCHOOL BOTANY 3 


Or, an Explanation of the Characters and Differences of the principal Natural Classes and 
Orders of Plants belonging to the Flora of Europe, in the Botanical Classification of De 
Candolle. For the use of Students preparing for their matriculation examination in the 
University of London, and applicable to Botanical Study in general. By John Lindley, 
Ph.D. F.R.S, etc. Ll vol. foolscap Svo. with upwards of 160 Woodcuts, 64. cloth. 


LINDLEY.—A SYNOPSIS OF THE BRITISH FLORA, 


Arranged according to the Natural Orders. By Professor John Lindley, Ph. D., F.R.S., etc. 
ao a pecs with aumerous Additions, Corrections, and Improvements, 12mo. pp. 390, 
. 6d. cloth. 


LINDLEY.—THE THEORY OF HORTICULTURE s 


Or, an Attempt to Explain the Principal Operations of Gardening upon Physiological Prin- 
ciples. By Joba Lindley, Ph.D. F.R.S. 1 vol. Sv. with Illustrations on Wood. . cloth. 


Thie book is weritten tn the hope of proclaing the intelligent gardener, and the scientific 
amateur, correctly, with the rationalia of the more important operations of Horticulture 3 
and the anthor has endeavoured to present to his readers anintelligible explanation, founded 
upon well ascertained facts, which they can judge of by their own means of observation, of 
the general nature of vegetable actions, and of the causes which, while they control the 
powers of life in rtp: are capable of being regulated by themsclues. The possession of 
euch knowledge will necessarily teach them how to improve their methods of cultivation, and 
lead them to the discovery of new and better modes. 


LINDLEY.—AN OUTLINE OF THE FIRST PRINCIPLES OF HORTICULTURE. 
By Professor Lindley. 18mo. 2s, sewed. 


LINDLEY.—CGUIDE TO THE ORCHARD AND KITCHEN CARDEN; 


Or, an Account of the most valuable Fruits and Vegetables cultivated in Great Britain: with 

Kalendars of the Work required in the Orchard aud Kitchen Garden during every month in 

aie year. By George Lindley, C.M.H.S. Edited by Professor Lindley. 1 large vol. 8vo. 16s. 
oards. 


LLOYD.—A TREATISE ON LICHT AND VISION. 
By the Rev. H. Lloyd, M.A , Fellow of Trin. Coll. Dublin. 8vo. 189. boards. 


LOUDON.—AN ENCYCLOPADIA OF TREES AND SHRUBS 5 


Being the *¢ Arboretum et Fruticetum Britannicam” abridged: containing the Hardy Trees 
and Shrubs of Great Britain, Native aad Foreign, scientifically and popularly described: 
with their Propagation, Culture, and Uses in the Arts; and with Pore nnge of nearly all the 
Species. For the use of Nurserymen, Gardeners, and Foresters. By J.C. Loudon, F.L.S. &e. 
In 8vo. pp. 1234, with upwards of 2000 Engravings on Wood, 2%. 10s, cloth. 


The Original Work may be bad in 8 vols. 8vo. with above 400 Svo Plates of Trees, and upwards 
of 2500 Woodcuts, 102. cloth. 


LOUDON.—AN ENCYCLOPADIA OF CARDENING 5 


Presenting in one systematic view, the History and Present State of Gardening in all Coun- 
tries, and its Theory and Practice in Great Britain: with the Management of the Hitchen 
Garden, the Flower Garden, Laying-out Grounds, etc. By J.C. Loudon, F.L.S. etc. A new 
Edition, enlarged and much improved, 1 large vol. 8vo. with nearly 1000 Engravings on 
Wood, pp. 1313, 27. 10s. cloth. 


* 
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LOUDON.—AN ENCYCLOPADIA OF ACRICULTURE 5 


Comprising its History in all Countrics; the principles on which Agricultural Operations 
depend, and their Application to Great Britain and similar Climates. By J. C. Loadon, 
ae aS gute Third Edition, 1 large vol. vo. pp. 1413, with nearly 1300 Wood Engravings. 
mea . c. ot e 


LOUDON.—AN ENCYCLOPADIA OF PLANTS; 


Including all the Plants which are now found in, or have been introduced into, Great Britain ; 
iving their Natural History, accompanied by such Descriptions, Engtaved Fiyures, and 
slementary Details, as may enable a beginner, who is a mere English reader, to discover the 

name of every Plant which he may find in flower, and acquire all the information respecting 

it which is useful and interesting. The Specific Characters by an Eminent Botanist; the 

Drawings by J. D.C, Sowerby, Eis. A new Edition (S41), with a new Supplement, come 

posing every desirable particular respecting all the Plants originated in, or introduced into, 
ritain between the first publication of the work, in IS20, and January 184): with a new 

General Index to the whole work. Edited by J. C. Loudon, prepared by W. H. Baxter, Jun., 

and revised by George Don, F.L.S.; and S00 new Figures of Plants, on Wood, from Drawings 

by J. D.C. Sowerby, F.L.S. One very large vol. Svo. with nearly 10,000 Wood Engravings 
pp. 1354, 3!. lus. 6d. 


*,* The new Supplement (1841), separately, Svo. pp. 190, 15s. cloth. 


LOUDON.— AN ENCYCLOPADIA OF COTTACE, FARM, ANO VILLA 


ARCHITECTURE and FURNITURE. Containing Designs for Cottages, Villas, Farm 
Houses, Famneries, Country Inns, Public Houses, Parochial Schools, etc.; with the requisite 
Fittines-up, Fixtures, and Furniture, and appropriate Offices, Gardens, and Garden Scenery: 
each Design accompanied by Analytical and Critical Remarhs illustrative of the Principles 
of Architectural Science and Taste on which itis composed, and General Estimates of the 
Expense. By J.C. Loudon, F.L.S. ete, New Edition (1842), corrected, with a Supplement 
containing 160 additional pages of letter-press, aud nearly S90) new engravings, bringing down 
the work to Is42. In 1] very thick vol. 8vu. pp. 1326, with more than 2U0U Engravings on 
Wood, 37. 3s. cloth. 


¢,° The New Supplement, seperately, Svo. pp. 174, 7s. 6d. sewed. 
LOUDON.—HORTUS BRITANNICUS : 


A Catalogue of all the Plants indigenous to or Introduced Into Britain. The 3d Edition 
Is32), with a New Supplement, prepared, under the direction of J. C. Loudon, by W.H. 
axter, and revised by George Don, F.L.S. 1 vol. 8vo. pp. 766, 3le.6d. cloth. 


The First Supplement (1835) separately, Svo. pp. 26, 28. 6d. sewed. 
The New Supplement (1839) separately, Svo. pp.742, Se. sewed. 


LOUDON.—THE SUBURBAN GARDENER AND VILLA COMPANION: 


Comprising the Cholce of a Villa or Suburban Residence, or of a situation on which to form 
one; the Arrangement and Furnishing of the House; and the Laving-out, Planting, and 
general Management of the Garden and Grounds; the whole adapted for grounds from one 
erch to fifty acres and upwards in extent; intended for the instruction of those whu know 
ittle of Gardening or Rural Affairs, and more particolarly for the use of Ladies. By J.C. 
Loudon, F.L.S., etc. 1 vol Svo. with above 300 Wood Euyravinys, 2Us. cloth, 


LOUDON.—HORTUS LICNOSIS LONDINENSIS 5 


Or, a Catalogue of all the Ligneous Planta cultivated In the neighbourhood of London. To 
which are added their usual Prices in Nurseries. By J.C. Loudon, F.L.S. etc. Svo. 7s. 6d. 


LOUDON.—ON THE LAYING<-OUT, PLANTING, AND MANACEMENT OF 
CEMETERIES; and on the Improvement of Churchyards. By J.C. Loudon, F.L.S. ete. 
8vo. with 60 Kngravings, 12s. cloth. 


LOW.— THE BREEDS OF THE DOMESTICATED ANIMALS OF CREAT 


BRITAIN described. By David Low, ee F.R.S.K., Professor of Agriculture in the Univer- 
sity of Edinburgh ; Memberof the Roval Academy of Agriculture of Sweden ; Corresponding 
Member of the Conseil Royal d’Agriculture de France, of the Société Royal ct Centrale, 
etc. ete. The Plates fram aleheg o by W. Nicholson, R.S.A., reduced from a Series of Oll 
Paintings, executed forthe Agricultural Museum of the University of Edinburgh by W. Shiels, 
R.S.A. In 2 vols, atlas quarto, with 52 plates of animals, beaui(fal 

167, 16. half-bound in morocco. 


Or in four separate portions, as follow: — 
The ea in 1 vol. atla quarto, with 22 Plates, The HORSE, in 1 vol, atlas quarto, with 8 


ly coloured after Nature, 


price 62. 16a. 6d. half-bouud morocco. Plates, price 31. half-bound morocco, 
The SHFFP, in 1 vol. atlas quarto, with 2) The HOG, in | vol. atlas quarto, with 5 Plates, 
Plates, price 61. 169.6d. half-bound morocco. price 21. 2s. half-bound morocco. 
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LOW.—ELEMENTS OF PRACTICAL ACRICULTURE 3 
Comprchending the Cultivation of Plants, the Husbandry of the Domestic Animals, and the 
Economy of the Farm, By David Low, Esq. F.WCS.E., Professor of Agriculture in the Uni- 
versity of Edinburgh, 8vo. 4th Edition, with Alterations and Additions, and above 200 Wuod- 
cuts, 2ls. cloth, 


®.* This edition contains lurge and interesting additions on the chemical constitution and 
gevlogical relations of suils; on the effects of climate and altitude; on the nature, uses, and 
action of manures; on the principles of tillage and the succession of crops; om the theory and 
practice of draining, ete. 


MACAULAY. -CRITICAL AND HISTORICAL ESSAYS CONTRIBUTED TO 


the EDINBURGH REVIEW. By the Right Hon. Thomas Babingtou Macaulay. 3 vols. 
Svo. dos. cloth. 


MACAULAY.—LAYS OF ANCIENT ROME. 
By T. B. Macaulay, Esq. 3d Edition, crowa 8vo. pp. 193, 108. 6d. cloth. 


MACKENZIE.—THE PHYSIOLOGY OF VISION. 
By W. Mackenzie, M.D., Lecturer on the Eye in the University of Glasgow. Svo. with 
Woodcuts, 10s. 6d. boards. 


MACKINTOSH, ETC.—THE HISTORY OF ENCLAND. 
By Sir James Mackintosh; W. Wallace, Esq.; and Robert Bell, Esq. 10 vols. foolscap Svo. 
with Vignette Titles, 3. cloth, 


MACLEOD.—ON RHEUMATISM, 
And on the Affections of the Internal Organs, more cs ecially the Heart and Brain, to which 
it gives rise, By R. Macleod, M.D, Physician to St. George's Hospital. 1 vol. Svo. pp. 172, 
74. cloth. 


MALTE-BRUN.—A SYSTEM OF UNIVERSAL CEOCRAPHY, 


Founded on the Works of Malte-Brun and Balbl, embracing an Htstorical Sketch of the 
Progress of Geographical Discovery, the Principles of Mathematical and Physical Geography, 
and acomplete Description, fromthe most recent sources, of the Political and Social Condition 
of allthe Countries in the World: with nuoerous Statistical Tables, and an Alphabetical 
Index of 12,000 Names. ] thick vol. Svo. closely and beautifully printed, 300. cloth. 


MANUAL FOR MECHANICS’ INSTITUTIONS. 
Published under the Superintendence of the Society for the Diffusion of Useful Knowledge. 
Poat Svo. 5s. cloth. 


MARCET (MRS.)—CONVERSATIONS ON THE HISTORY OF ENCLANO. 


For the Use of Children. Vol. [. containing the History to the Reign of Henry VIL. 18mo, 
pp. 304, 4a. 6d. cloth, 


Jurenile literature will freely own how much it is indebted to Ars. Marcet, not only for 
the preeent, butallacr preceding works. She iapartsinterest to dry and dull detuily; and, 
while she teaches, begets a drsire in her pupils for further knowledge, 16 pleasantly imparted, 
These * Conversations, admirably suited to the capacities of children, may be skimmed udvan- 
tageotnaly by ‘children of a larger growth,’ "—Literary Gazctte, 


MARCET.—CONVERSATIONS ON CHEMISTRY3$ 


To which the Elements of that Science are familiarly Explained and IMlustrated by Experi- 
ments, lth Edition (1$41), enlarged and corrected, J vols. foolscap Svo. pp. 732, 148. cloth. 


MARCET.—CONVERSATIONS ON NATURAL PHILOSOPHY ; 
In which the Elements of that Science are familiarly explained, and adapted to the compre- 
hension of Young Persons. 10th Edition (1839), enlarged and corrected by the Author. 1} vol. 
foolscap 8vo. pp. 494, with 23 Plates, lus. 6d. cloth. . 


CONTENTS. 

Of the General Properties of Bodies; the At- , of Springs, Fountains, ete.; Pneumatics; the 
traction of Gravity; the Laws of Motion; Mechanical Properties of Air; on Wind and 
Compound Motion; the Mechanical Powers 3 Sound; Optics; the Visual Augle and the 
Astronomy; Causes of the Earth's Motiony Reflection of Mirrors; on Refraction and 
the Planets; the Earth; the Moon; Hydro. Colours; on the Structure of the Eye, and 


statics; the Mechanical Propertica of Fluids; Optical Instruments. 


Introdaction; on Property: the Division of 
Labour; on Capital; on Wages and Popula- 
tion: on the Condition of the Poor; on Value 
and Price; on Income; Inceme from Landed 


Introduction; on Roots; on Stems: on Leaves; 
ou Sap; on Cambium and the peculiar Juices 
of Plants; on the Action of Light and Hent 
on Plants; on the Naturalization of Plants; 
on the Action of the Atmosphere ou Plants; 
on the Actiun of Water on Plants; on the 
Artifichal Mode of Watering Plante; on the 
Action of the Soil on Plants; on the Propa- 
gation of Planta by Subdivision ; on Grafting; 
on the Multiplication of Plants by Secd; the 
Flower; on Compound Flowers; on Fruit; 


affording Examples of the manner of play 
Svo. volume in cluth, Se. 


MARCET.—MARY’S CRAMMAR 3; 


MARCET.—WRELY'S HOLIDAYS $ 


pp. 158 (1436), 2e. half-bound. 


MARCET.—THE SEASONS ; 


$0); Vol. 4, Autumn, 3d Edition, pp. 


MARRIACE CIFT. 


pp. 180 (1839) ; Vol. 2, Spring, 34 Edition, pp. 
an Ea ist ( 
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MARCET.—CONVERSATIONS ON POLITICAL ECONOMY3 


Is which the Flements of that Science are familiarly explained. 7th Edithon (1839), revised 
and enlarged, 1 vol. foolscap Svo. pp. 424, 72. 6d. cloth. 


CONTENTS. 


proper Income from the Cultivation of 
Land; fucome from Capital lent; on Money; 
on Commerce; on Forcign Trade; on Ex- 
penditare and Consumption, 


MARCET.—CONVERSATIONS ON VECETABLE PHYSIOLOCY: 


Comprehending the Elements of Botany, with their application to Agricultare. 3d Edition 
(1539), 1 vol. foolscap Svo. pp. 474, with Four Plates, 9u. cloth. 


CONTENTS. 


on the Seed; on the Classification of Plants; 
on Artificial Systems; on the Natural Sys- 
tem; Botanical Geography; the Influence of 
Culture on Vegetation; onthe Degeneration 
and Diseases of Plants; on the Cultivation 
of Trees; on the Cultivation of Plants which 
Produce Fermented Liquors; on the Culti- 
vation of Grasses, Tubcrous Roots, and Grain; 
iy a iat Plants and Culinary Veget- 
es. 


MARCET.—CONVERSATIONS FOR CHILDREN 3 


On Land and Water. 2d Edition (199), revised and corrected, 1 vol. foolscap 8vo. pp. 256, 
with coloured Maps, shewing the comparative Altitude of Muuntains, 52. 6d. cloth. 


MARCET.—THE CAME OF CRAMMAR, 


With a Book of Conversations (fep. avo. pp. 54, 1842), shewing the Rules of the Game, and 


ng atit. Ina varnished box, ur done up as a post 


Interspersed with Stories, and intended for the Use of Children. 6th Edition (1542), revised 
and cnlarged, 18mo. pp. 356, 3s. 6d. half{-bound. 


MARCET.—JOHN HOPKINS’ NOTIONS ON POLITICAL ECONOMY. 
3d Edition (1834), foolacap Svo. pp. 194, 4s. 6d. cloth. 


©,° A emailer Edition (the Second, 1833) I8mo. pp. 176, le. 6d. sewed. 


Or, Conversations on Different Kinds of Guvernments, intended for Young Children. 1&mo. 


MARCET.—WILLY’S STORIES FOR YOUNG CHILDREN. 
Third Edition (1839), 18mo. pp. 138, 2e. balf-bound. 


The House-building : the Three Pits (the Coal Pit, the Chalk Fit, and the Gravel Pit): 
aud the Land without Laws. 


Storics for very Young Children. 4 vols. 18mo0. new Editions: Vol. 1, Winter, 3d Edition 
196 (1839) ; Vol. 3, Summer, 3d Fadition, pp. 178 
1340). 2s. each volume, half-bound. 


By a Mother. A Legacy to her Children. Post Svo. 5s. cloth, gilt edges. 


MARRYAT.—MASTERMAN READY3$ 


Or, the Wreck of the Pacific. Written for Young People By Captain Marryat. 3 Vols. fools- 
cap 8vo. with numerous Fngravings on Wood, 22s. 6d. cloth. 


@,° The volumes, separately, 7s. 6d. each, cloth. 


MARTINGALE.—SPORTING SCENES AND COUNTRY CHARACTERS. 


By Martingale. 1 vol. square crown S8vo. beautifully embellished with Wood Engravings In 
the highest style of the Art, 1/. ls. handsomely bound in a new style. 
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MAUNDER.—THE TREASURY OF KNOWLEDCE, 


And LIBRARY of REFERENCR: containing a new and enlarged Dictionary of the English 
Language, preceded by a Compendious Grammar, Verbal Distinctions, etc.; a new Universal 
Gazettece; a Compendious Classical Dictionary; a Chronological Avalysis of Gencral 
History; @ Dictionary of Law Terma, ete. etc. By Samuci Maunder. 14th Edition, 1 vol. 
foolscap vo. pp. 810, with two engraved Frontispieces, Se. 6d. cloth; or handsomely bound 
in roan, lettered, with gilt edges, 10s 6d. 


MAUNDER.—THE SCIENTIFIC AND LITERARY TREASURY : 


A New and Popular Encyclopedia of Science and the Belles Lettres; including all Branches 
of Science, and every Subject connected with Literature and Art. The whole written in a 
familinc stvle, adapted to the comprehension of all persons desirous of acquiring information 
oo the subjects comprised in the work, and also adapted for a Manual of convenicut Refer- 
ence to the more instructed, By Samuel Maunder. 2d Edition, 1 thick vol. fcap. 8vo of 
1700 closely-printed columns, pp. 840, with an engraved Frontispiece, 10s.; handsomely 
bound in fancy cloth, lettered; or bound ia roan, gilt edges, 12¢. 


MAUNDER.— THE BIOGRAPHICAL TREASURY : 


Consisting of Memoirs, Sketches, and brief Notices of above 12,000 Eminent Persons of all 
Ages aud Nations, from the Earliest Period of History; forining a new and complete Dic- 
tlonary of Universal Biography. 4th Edition, with a ‘* Supplement,’ from the Accession of 
Queen Victoria to the Present time. 1 vol. foolscap Svo. pp. 876, with engraved Frontispicce, 
8e. 6d. cloth; or roan, gilt edges, 1Ue. 6d. 


MAUNDER.—THE TREASURY OF HSTORY; 


Comprising a General Introductory Outline of Universal History, Ancient and Modern, and 
a Scrics of separate Histories of every principal Nation that exists; developing their Rise, 
Progress, and Present Condition, the Mornl and Social Character of their respective 
Inhabitants, their Religion, Manners, and Customs, etc. etc. By Samucl Maunder. 

din the press. 


M‘CULLOCH.—THE PRINCIPLES OF POLITICAL ECONOMY: 


With some Enquiries respecting their Application, and a Sketch of the Rise and Progres of 
ibe fe ute: by J.R. M'Culloch, Esq. New Edition, enlarged aud corrected throughout, 
oO. . 


M‘CULLOCH.—A DICTIONARY, CEOCRAPHICAL, STATISTICAL, AND 
HISTORICAL, of the various Countries, Places, and Principal Natural mee in the World. 
By J. R. M‘Culloch, Esq. 2 thick vols. 8vo. pp. 1990, 4/. bound in cloth. Illustrated with Six 
large important Maps as follows :— 


1. The World, on Mercator’s Projection; with enlarged scales tutroduced of Canton River, 
Van Diemen’s Land, Hooghly River, [sland and Town of Singapore, and Colony of Good Hope. 

2. Asia on a very extensive scale, embracing every recent Survey (coloured: 

3. Great Britain and Ircland, theiec Navigable Rivers, and completed and proposed Railways; 
with Dublin Bay, Caledoulan Canal, and the Thames, introduced on an enlarged acale. 

4. The British Possessions in North America, with part of the United States, compiled from 
official sources; with Plans of the Citics and Harbours of Montreal and the Island of New- 
foundland, introduced on an enlarged scale. 

$. Central and Southern Europe, with the Mediterranean Sea; the Mouth of the Schelde, 
introduced on an extended scale. 

6. Central America and the West Indies, from the latest and best authorities; with the Island 
of Jamaica, the Harbours of Port Royal and Kingston, and the Harbour and City of Havana, 
Introduced on an enlarged scale. 


66 The extent of information this Dictionary affords on the sxbjecta referred to in ite title 
fe trely sur dre fe It cannot fail to prove a vauc-mecum bo the student, whose ingniries will 
be guided by its light, and satisfied by its clear and frequently elaborated communications. 
Every public room in which commerce, politics, or literature forme the subject of discussion, 
ought to be furnished with these volumes.” —Globe, 


M‘CULLOCH.—A DICTIONARY, PRACTICAL, THEORETICAL, AND 
HISTORICAL, of COMMERCE and COMMERCIAL NAVIGATION. Illustrated with Maps 
and Plans. By J. R. M‘'Culloch, Esq. A New Edition, with a newand enlarged Supplement, 
containing the New Tariff, the New Corn Law (with an Article on the Intter), an bruins 
down the information in the work to Scptember 1842. In } clusely and beautifully-printe 
vol. 8vo. of more than 135 pages, 2/. 10s. boards, 


@,* The New Supplement separately, 5s. sewed. 


MEREDITH, 
By the Countess of Blessington. 3 vols. post vo, 8ls. 6d. boards. 


“ 4s an accurate and brilliant delineator of the traits and foibles of fashionable life, 
Lady Blessington {2 unequalled. She draws with a steady yet delicate hand the denizens of 
le beau monde, justly discriminating the warious shades of character she has todeal with; and 
presents, at last, a lively picture, replete with striking comtrast, yet exquisitely natural, of 
which we admire the exceution whilst we acknowledge the truth,”—Court Journal. 
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MILNE.—TREATISE ON THE VALUATION OF ANNUITIES & ASSURANCES 


ON LIVES OR SURVIVORSHIPS; on the Construction of Tables of Mortality; andon the 
Probabilities and Expectations of Life. Whereinthe Laws of Mortality that prevail in different 
parts of Europe are determined, and the Comparative Mortality of diferent Diseases and of 
the Two Sexes are shown; with avariety of Tables. By Joshua Milne, Actuary to the Sun 
Life Assurance Socicty. 2 vols. Svo. 1. 10s. boards. 


MILTON’S L*ALLECRO AND IL PENSEROSO, 
With [llastrations by Members of the Etching Club. Imp. 8vo.—(/a preparation.) 


MONTGOMERY'S (JAMES) POETICAL WORKS, 


New and complete Edition Vee . With some additional Pvema and Autobiographical 
Prefaces, Collected and edited bv Mr. Montgomery. 4 vols. foolscap Svo. with Portrait, and 
7 other beautifully engraved Plates, 2s. cloth; or bound in morocco, with gilt edges, Il. 16s. 


MOORE'S (THOMAS) POETICAL WORKS. 


First and only complete Edition (1841). Edited by Mr. Moore. With Autobiographical 
Prefaces. 10 vols. foolecap Svo. with Portrait, and 19 other highly-finished Plates, 24. 10s. 
fancy cloth; or 4/. 10s. handsomely bound in morocco, with gilt edges. 


MOORE'S LALLA ROOKH. 


Twentieth Fdition (1842), 1 vol. medium 8vo. beautifully illustrated with 13 Engravings, 
hnished iu the highest style of art, 2ls. handsomely bound in cloth and oruameuted ; or 42s. 
with India Proof Plates, in cloth. 


MOORE’S LALLA ROOKH. 


‘Twenty-first Edition (1842), I vol. foolscap Svo. with 4 Engravings, from Paintings by Westall, 
lUs.6d¢. cloth; or l4s. handsomely bound in morucco, with gilt edges. 


MOORE'S IRISH MELODIES. 


Fifteenth Edition (1843), with Engraved Title and Vignette, 10s. cloth lettered ; or 13s. 6¢. 
handsomely bound in merocco, with gilt edges. 


MOORE.—THE HISTORY OF IRELAND. 
By Thomas Moore, Esq. Vols. 1 to 3, with Vignette Titles, 18s. cloth. 


MORAL OF FLOWERS. 
3d Edition, 1 vol. royal Svo. with 24 beautifully coloured Engravings, 12. 10s. half-bound. 


MORGAN.—THE PRINCIPLES & DOCTRINE OF ASSURANCES, ANNUITIES 


ON LIVES, and CONTINGENT REVERSIONS, Stated and Explained. By W. Morgan, 
F.IUS., Actuary tothe Suciety for Equitable Assurances on Lives, ctu. dvo. 12s. bowrds. 


MORTON.—A VETERINARY TOXICOLOCICAL CHART, 


Containing those Agents known tocause Death in the Horse; with the Symptoms, Antidotes, 
Action ou the Tissucs, and Tests. By W. J. T. Morton. l2mo. 64. in case ; 8s. 6¢. ou rollers. 


MORTON.—A MANUAL OF PHARMACY, 


For the Student in Veterinary Medicine; containing the Substances emplored at the Royal 
Veterinary College, with an Attcupt at their Classification, and the Pharmacopaia of that 
Tustitution. By wv J.T. Morton. 2d Edition, l2mo. pp. U4, 9s. cloth. 


MOSELEY.—ILLUSTRATIONS OF PRACTICAL MECHANICS. 


By the Rev. H. Moscley, M.A., Professor of Natural Philosophy and Astronomy in King's 
College, London; being the First Volume of the Lilustrations of Science by the Professors 
of King’s College. 1 vol. fcap. 8vo. with numerous Woodcuts, &s. cloth. 


MOSELEY.— THE MECHANICAL PRINCIPLES OF ENCINEERINC AND 


ARCHITECTURE. By the Rev. H. Mosctey, M.A. F.R.S , Professor of Natural Philosopby 
and Astronomy in King’s College, London; and santhor of ‘‘INustrations of Mechanics,’ etc. 
lvol. Xvo, with Woudcuts and Diagrams, Il. 4s. cloth, 
“6 The work of Mr. Moseley tran elaborate, profound, acenyvate, and elrgant abstract, and 
purely mathematical disquisition, on the throrctical principles of mechanics; and will serve 
to increase the author's high reputation as a mathematichan."—Athenrwum. 
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MURRAY.—ENCYCLOPADIA OF CEOCRAPHY 5 


Comprising a complete Description of the Earth: exhibiting its Relation to the Heavenly 

Bodies, its Physical Steucture, the Natural History of each Country, and the Industry, Com- 
meree, Political Institutions, and Civil and Social State of all Nations. By Hugh Murray, 
F.R.S.E.: assisted in Astronomy, etc. by Professor Wallace; Geology, etc. by Professor 
Jameson; Botany, etc. by Sir a J. Hooker; Zoology, ctc. by W. Swainson, Esq. New 
Edition, brought down to 1840; with 82 Maps, drawn by Sidney Hall, and upwards of 10U0 other 
Engravings on Wood, from Drawings by Swainson, T. Landscer, Sowerby, Strutt, etc. repre- 
senting Ais most remarkable Objects of Nature and Artin every Region of the Glube. 1 vol. 
Svo. containing upwards of 1500 pages, 31. cloth. 

| 


NARRIEN.—ELEMENTS OF CEOMETRY$ 


Consisting of the first Four and Sixth Books of Euclid, chle@y from the Text of Dr. Robert 
Simpson: with the principal Theorems in Proportion, and a course of Practical Geometry on 
the Ground; also, Four Tracts relating to Circles, Planes and Solids, with one on Spherical 
Geometry. By Mr. Narrien, Professor of Mathematics in the Royal Military College, Sand- 
Oya: pp. 288, with many Diagrams, 10s. 6d. boand. 


NICOLAS.—THE CHRONOLOCY OF HISTORY 


Containing Tables, Calculations, and Statementa indispensable for ascertaining the Dates of 
Historical Events, and of Public and Private Documents, from the Earliest Period to the 
Present Time. By Sir Harris Nicolas, K.C. M.G. Second Edition, corrected throughout. 
1 vol. foolscap 8vo. with Vignette Title, 63. cloth. 


O’SULLIVAN.—OF THE APOSTACY PREDICTED BY ST. PAUL, 
By the Rev. Mortimer O'Sullivan, D.D. Rector of Killyman, 8vo. pp. 596, 148. cloth. 


hurat. 


PARKES.—DOMESTIC DUTIES 5 


Or, Instructions to Young Married Ladies on the Management of their Households and the 
Regulation of their Conduct in the various Relations and Duties of Married Life. By Mrs. 
W. Parkes, 5th Edition, foolscap Svo. 9s. cloth. 


Social Relations— Household Concerns—the Regulation of Time—Moral and Religious Duties. 
PARNELL.—A TREATISE ON ROADS $5 


Wherein the Principles on which Roads should be made are explained and illustrated by the 
Plans, Specifications, and Coutracts made use of by Thomas Tclford, Eaq. on the Holyhead 
Road. By the Right Hon. Sir Henry Parnell, Bart., Hon, Memb, Lust. Civ. Eng. London. 
Second Edition, greatly enlarged, with ¥ large Plates, 1/. le. cloth. 


PEARSON.—PRAYERS FOR FAMILIES: 


Conaisting ofa Form, short, but comprehensive, for the Morning and Evening of every day in 
the week. Selected by the late FE. Pearson, D.D., Master of Sidney Sussex College, Cambridge. 
To which is prefixed, a Biographical Memoir of the Editor. New Edit. l¥mo. 2. 6d. cloth. 


PEARSON.—AN INTRODUCTION TO PRACTICAL ASTRONOMY ; 
By the Rev. W. Pearson, LL.D. F.R.S, ete. Rector of South Kilworth, Leicestershire, and 
Treasurer to the Astronomical Society of London. 2 vols. 4to. with Plates, 7/. 7s. boards. 


Vol. I contaings Tables, recently computed, for facilitating the Reduction of Celestial Obser- 
vations; and a popular Explanation of their Construction and Use. 


Vol. 2 contains Descriptions of the various Instruments that have been usefully employed in 
determining the Places of the Heavenly Bodies, with an Accuunt of the Methods of Adjusting 


and Using them. 


| PERCIVALL,—THE ANATOMY OF THE HORSE ; 
Embracing the Structure of the Foot. By W.Percivall, M.R.C.S. 8vo. pp. 478, 12. cloth. 


| PERCIVALL.— HIPPOPATHOLOGCY 3 


A Systematic Treatise on the Disorders and Lameness of the Horse; with their Modern and 
| most approved Methods of Cure; embracing the Doctrines of the English and French Veteri- 
‘ nary Schools, By W. Percivall, M.R.C.S., Vetcrinary Surgeon in the Firat Life Guards. 
Vol. 1, Svo. pp. 3H), 102. 6d. boards; vol. 2, 8vo. pp. 436, 4s. boards. 


PEREIRA.—A TREATISE ON FOOD AND DIET: 


With Observations on the Dictetical Regimen suited for Disordered States of the Digestive 
Organs; snd an Account of the Dictarics of some of the principal Metropolitan and other 
Establishments for Paupers, Lunatics, Criminals, Children, the Sick, etc. By Jon. Percira, 
M.D. F.R.S., author of ** Elements of Materia Medica.” Svo. 16s. cloth. 


PHILLIPS.—AN ELEMENTARY INTRODUCTION TO MINERALOCY: 


Comprising a Notice of the Characters and Elements of Minerals ; with Accounts of the Places 
| and Circumstances in which they are found. SM ee! Phillips, F.L.S. M.G.S. ete. 4th 
Edition, considcrably augmented by R. Allan, F.R.S.E. 8vo. numerous Cuts, 12s. cloth. 
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PHILLIPS8.—FICURES & DESCRIPTIONS OF THE PALAZOZOK FOSSILS OF 
CORNWALL, DEVON, and WEST SOMERSET; observed in the course of the Ordnance 
Geological Survey of that District. By Juha Phillips, F.R S. F.G.S. ete. Published by 
Order of the Lords Commissioncrs of H. M. Treasury. Svo. with @& Plates, comprising 
very namerous Figures, 9s. cloth. 


PHILLIPS.—A CUIDE TO CEOLOCY. 
By John Phillips, F.R.S.G.S. etc. 1 vol. foolecap 8vo. with Plates, 5a. cloth. 


PHILLIPS.—A TREATISE ON CEOLOCY, 


Ry conn Enilipe, F.B.S.G.S. etc. 2 vols. foulscap 8vo. with Vignette Titles and Woodcnuts. 
Js. cloth. 


PORTER.—A TREATISE ON THE MANUFACTURE OF SILK. 


By G. R. Porter, Esq. F.R.S., author of ‘‘ The Progress of the Nation,” etc. 1 vol. 8vo. with 
gaette Title, and 39 Engravings uu Wood, 6s. cloth. 


PORTER.—A TREATISE ON THE MANUFACTURES OF PORCELAIN AND 
bee By pe Porter, Esq. F.R.S. 1 vol. foolscap Svo. with Vignette Title and 50 
oodcats, 68. ‘ 


PORTLOCK. — REPORT ON THE CEOLOCY OF THE COUNTY OF 
LONDONDERRY, and of Parts of Tyrone and Fermanagh, examined and described under 
the Authority of the Master-Gceueral and Board of Ordnance. By J. E. Portlock, F.R.S. etc. 
Svo. with 48 Plates, 24s. cloth. 


POSTAN’S (CAPTAIN).—PERSONAL OBSERVATIONS ON SINOH, 


The Manners and Customs of Ite Inhabitents, and its Productive Capabilities: with a Narra- 
tive of the Recent Events. By Captain Postans, Bombay Army, late Assistant to the Political 
Agent, Sindh. 8Svo. with Map, col'’d Frontispiece, and [llustrations on Wood. 18s. cloth. 


*4 Sindh ts at thismoment a subject of the greatest interest, and we hail with satisfaction 
this comprehensive acconnt of it from an able writer as regards the retrospective, and am 
eye-witness as relates to later circumstances.”—Litcrary Gazsctte, July 15th Iss. 


POWELL.—THE HISTORY OF NATURAL PHILOSOPHY. 


From the Farlicat Periods to the Present Time. By Baden Powell, M. A., Savilian Professor 
of Mathematics in the University of Oxford. 1 vol. fcap. 8vo. Vignette Title, 6s, cloth. 


PROCEEDINGS OF THE ZOOLOCICAL SOCIETY OF LONDON. 
Svo. The lest Part published is Part 9 for 1941, 6¢. cloth. 


REECE.—THE MEDICAL CUIDE 5 


For the use of the Clergy, Heads of Families, Seminaries, and Junior Practitioners in Medi- 
cinc; comprising a complete Modern op aaa y and a Practical Treatise on the distin - 
grins Symptoms, Causes, Prevention, Cure, and Palliation of the Diseases incident to the 

uman Frame. By R. Reece, M.D., late Fellow of the Royal College of Surgeous of Loadon, 
etc. 16th Edition, Svo. pp. 600, 123. boards. 


REEVE.—CONCHOLOCIA SYSTEMATICA: 

Or, Complete System of Conchology: in which the Lepades and Mollusca are described and 
classified according to their Natural Organization and Habits: illustrated with 300 highly 
fipished oA Ge Engravings, by Messrs. Sowerby, containing above 1500 figures of Shells. 
By L. Reeve, F.L.S. cte. 

Vol. 1, containing the Lepades and Bivalve Mollusca, with 130 Plates, 37. &s. cloth: with 
coloured Plates, 52. 10s. cloth. 

Vol. 2, the ** Univalve Mollusca,” with 17] Plates, 41. 9¢. cloth; coloured, 7/. 12s. cloth. 


REPTON.—THE LANDSCAPE CARDENING & LANDSCAPE ARCHITECTURE 


of the late Humphrey Repton, Esq.; being his entire Works on these subjects. New 
Edition, with an Historical and Scientific Introduction, a systematic Analysis, a Hiographical 
Notice, Notes, and a copious Alphabetical Index. By J.C. Loudon, F.L.S., etc. Originally 

ublished in one folio and three unre volumes, and now comprised in 1 vol. Svo. illustrated 
by upwards of 250 Engravings, and Portrait, 30s. cloth; with coloured Plates, 3é. 68. cloth. 


RIDDLE.—A DIAMOND LATIN ENCLISH DICTIONARY. 
For the walstcoat-pocket. A Guide to the Meaning, Quality, and right Accentuation of 
Latin Classical Words. By the Rev. J. E. Riddle, M.A. Roval 32mo. 4s. bound. 
664 most uacful little lesicon tu the general reader who way wish for an accommodating 
tuterpreter of such Latin words o¢ senteners as may be encuuntrred in every day's casual 
literary exercises. It is at once copious and succinct.’’— Morning Herald. 


RIDDLE.—LETTERS FROM AN ABSENT CODFATHER 5 


Or, a Compendium of Religious Instruction for Young Persons. By the Rev. J. E. Riddle, 
M.A. Foolscap Svo. 6. cloth. 
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RIDDLE.—ECCLESIASTICAL CHRONOLOCY 3 


Or, Annals of the Christian Church, from its Foundation to the present Time. Containing a 
View of General Church History, and the Course of Secular Events ; the Limits of the Church 
and its Relations to the State; Controversies; Secta and Parties; Rites, Institutions, and 
Discipline ; Ecclesiastical Writers. The whole arranged according to the order of Dates, and 
divided into Seven Periods, To which arc added, Lists of Councils and Popes, Patriarchs, 
and Archbishops of Cauterbury. By the Rev. J. &. Riddle, M.A., author of ‘ The Complete 
Latin Dictionary.” 1 vol. 8vo. 15s. cloth. 


RIVERS.—THE ROSE AMATEUR’S CUILE: 


Containing ample Descriptions of all the fine leading Varicties of Roses, regularly clacscd in 
their respective Familics; their History and Mode of Culture. By T. Rivers, Jun. 2d Edit. 
with Alterations aud Additions. 1 vol. foolscap Svo 6s. cloth. 


Among the additions to the present Edition will be found full Directions for Raising New 
Roses from Seed, by modes never ef fol published, appended to each Family ; with Dracrip- 
tions af the most remarkable New Roses lately introduced; and an Alphadbctical List ef all 
the New Roses and Show Flowers. 


ROBERTS.—A COMPREHENSIVE VIEW OF THE CULTURE OF THE VINE 


under GLASS. By James Roberts, Gardener to M. Wilson, Esq., Eshton, Hall, Yorkshire. 
12mo. 5s, 6d. cloth. 


ROBERTS.—AN ETYMOLOCICAL AND EXPLANATORY DICTIONARY OF 


the TERMS and LANGUAGE of GEOLOGY; designed for the early Student, and those 
who have not made great progress in the Science. By G. Roberts. Foolscap 8vo. 6s. cloth. 


ROBINSON.—GREEK AND ENCLISH LEXICON TO THE NEW TESTAMENT. 


By E. Robinson, D.D., author of “ Biblical Rescarches.” Kdited, with careful revision, 
corrections, etc., by the Rev. Dr. Bloomficld. lvol. Svo. 18¢. cloth. 


ROGERS.—THE VECETABLE CULTIVATOR 3 


Containing a plain and accurate Description of all the different Species of Culinary Vegetables, 
with the most approved Method of Cultivating them by Natural and Artificial Means, and the 
best Modes of Cooking them; alphabetically arranged. Together with a Description of the 
Physical Herbs in General Une. Also, some Recollections of the Life of Philip Miller, F.A.S., 
Gardener to the Worshipful Company of Apothecarics at Chelsca. By Jobu Rogers, author 
of ‘‘ The Fruit Cultivatur.”” Foolscap 8vo. 7a. cloth. 


ROME.—THE HISTORY OF ROME. 
2 vols. foolscap Svo. with Vignette Titles, 12s. cloth. 


RONALDS.—THE FLY=FISHER’S ENTOMOLOCY, 


Hlustrated by coloured Representations of the Natural and Artificial Insect; and accom- 
panicd by a few Observations and Instructions relative to Trout and Grayling Fishing. By 
Alfred Roualds. 2d edition, with 20 Copper Plates, coloured, Svo. lds. cloth, 


ROSCOE.—LIVES OF EMINENT BRITISH LAWYERS. 
By Henry Roscoe, Esq. 1 vol. foulscap Svo. with Vignette Title, 6s. cloth. 


RUSSELL.—CORRESPONDENCE OF JOHN, FOURTH DUKE OF BEDFORD, 


Selected from the Originals at Woburn Abbey. Vol. 1, 8vo. with Portrait, and an Introduc: 
tion af Lord John Russell, 188. cioth. Vol. 2, 8vo., with an Introduction by Lord Jobn 
Ruasell, 15e. cloth. 


*,* Vol. 3, to complcte the work, is in preparation. 


SANDFORD.—WOMAN IN HER SOCIAL AND DOMESTIC CHARACTER. 
By Mrs. John Sandford. 6th Edition, foolscap 8vo. 62. cloth. 


Causcs of Female Influence; Value of Letters to Woman; Proortance of Religion to Woman ; 
Christianity the Source of Female Excellence; Scripture ilustrative of Female Character ; 
Female Influence on Religion; Female Defects ; Female Romance; Female Education; Female 
Duties. 


SANDFORD.—FEMALE IMPROVEMENT. 
By Mrs. John Sandford. 2d Edition, foolseap Svo. 7s. 6d. cloth. 


The Formation of Female Character; Religion, a paramount Object; the Importance of Religious 
Knowledge ; Christianity, Doctrlual and Practical; the Employment of Time ; Study, its Mode 
and its Recommendation; Accomplishment; Temper; Taste; Benevolence ; Marriage ; the 
Young Wifc; the Young Mother. 
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SANDFORD.—LIVES OF ENCLISH FEMALE WORTHIES. 
By Mra. John Sandford. Vol.1, containing the Lives of Lady Jane Grey and Mrs. Colonel 
Hutchinson, foolscap Svo. 68. 6d. cloth. 


SAVAGE.—A DICTIONARY OF PRINTING. 


By William Savage, author of ‘ Practical Hints on Decorative Printing,” and a Treatise 
On the Preparation of Printing Ink, buth Black and Coloured.” In I vol. 3vo. with numerous 


Diagrams, Lf. Gs. cloth, 


SCOTT.—THE HISTORY OF SCOTLAND. 
By Sir Walter Scott, Bart. New Edition, 2 vols. foolscap Svo. with Vignette Titles, l2s. cloth. 


SEAWARD.—SIR EDWARD SEAWARD’'S NARRATIVE OF HIS SHIPWRECK, 


And consequent Discovery of certain Islands in the Caribbean Sea: with a Detail of many 
extraordinary and highly interesting Events in bis Life, frown 1733 to 1749, as written in his 
own Diary. Edited by Miss Jane Porter. 3d Edition, with a New Nautical and Geographical 
Introduction, containing Extracts from a Paper by Mr C. F. Collett, of the Raval Navy, 
identifying the Islands described by Sir Edward Seaward. 2vols. post dSvo. 21s. cloth. 


SELECT WORKS OF THE BRITISH POETS: 
From Chaucer to Withers. With Biographical Sketches, by R. Southey, LL.D. 1 vol. 8vo. 
Wa. cloth; or 31s. 6d. with gilt edges. 


SELECT WORKS OF THE BRITISH POETS: 
From Ben Jonson to Beattie. With Biographical and Critical Prefaces by Dr. Aikin. 2? vol. 
Svo. ISe. cloth; or Qs, with gilt edges. 


*,* The peenliar feature of these two works is, that the Poems included are printed entire, 
without mutilation or abridgment; care being taken thal such poems only are included as are 


At for the perusal of youth, or for reading aloud. 


SHAKSPEARE, BY BOWDLER. 
THE FAMILY SHAKSPEARE; in which nothing is added to the Original Text; but those 
Words and Fixpressious are omitted which cannot with propriety be read aloud. By T. 
Bowdler, Faq. F.R.S. Seventh Edition (1449), 1 large vol. 8vo. with 36 Illustrations after 


Smirke, etc. Ms. cloth; or dla. 6d. gilt edges. 
¢,*¢ A LIBRARY EDITION of this work, without Illustrations, 8 vols. 8vo. 47. 4s. 6d. boards. 


SHELLEY, ETC.—LIVES OF THE MOST EMINENT LITERARY MEN OF 
ITALY, SPAIN and PORTUGAL. By Mrs. Shelley, Sir D. Brewster, J. Montgomery, etc. 
3 vols. foolscap Svo. with Vignette Titles, 18s. cloth. 


SHELLEY.—LIVES OF THE MOST EMINENT FRENCH WRITERS. 
By Mrs. Shelicy and others. 2 vols. foolscap Svo. with Vignette Titles, 12a. cloth. 


SHORT WHIST : 


Its Rise, Progress, and Laws; with Observations to make any one a Whist Player; containing 
also the Laws of Piquet, Cassino, Ecarte, Cribbage, Backgammon. By Mayor A * & © © © 


7th Edition. To which are added, Precepts fur Tyros. By Mrs. B® @ * * *. Foolscap Svo. 
8s. cloth, gilt edges. 


SISMON DI.—THE HISTORY OF THE ITALIAN REPUBLICS; 
Or, of the Origin, Progress, and Fall of Freedom in Etaly, from A.D. 476 to 1805. By J.C. L. 
De Sismondi. 1 vol. foolscap Svo, with Vignette Title, Os. cloth. 


SISMONDI.—THE HISTORY OF THE FALL OF THE ROMAN EMPIRE. 
Comping a View of the Invasion and Settlement of the Barbarians. By J.C.L. De Sismondi. 
2 vols. fuolscap Svo. with Vignette Titles, 12s. cloth. 


SMITH —AN INTRODUCTION TO THE STUDY OF BOTANY. 


By Sir J. E, Smith, late President of the Linnwan Society. 7th Edition (1433), corrected; in 
which the object of Smith's ‘Grammar of Botany” is combined with that of the ‘* Intro- 
duction.” By Sir William Jackson Hooker, K.H. LL.D. etc. 1 vol. 8v0. pp. 522, with 
36 Steel Plates, 16s. cloth; colourcd Plates, 20, 12s. 6d. cluth. 


SMITH.—THE ENCLISH “LORA. 
By Sir James Edward Smith, M.D. F.R.S., late President of the Linnzan Society, ete. 
6 vols. &vu. 31. 12s. boards, 
CONTENTS: 
Vols. I. to lV. the Flowering Plants and the Ferns, 22. Se. 


Vol. V. Part 1, 12s.—Cryptogamia; comprising Vol. V. Part 2, 122.—The Fungi—completing 
the Moases, Hepaticwe, Lichens, Chara- | the work, by Sir W. J. Hooker, and the 
cem, and Alge. By Sir W. J. Hooker. Rev. M. J. Berkeley, F.L.S. etc. 
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SMITEL—THE WORKS OF THE REV. SYDNEY SMITH. 
od Edition, 3 vols. 8vo. with Portrait, pp. 1412, 368. cloth. 


*o* This collection consists af the Author's contributions tothe “ Edinburgh Review,” Peter 
Plymley's* Letters on the Catholics,” and other miscellaneous works. 


SMITH.—LETTERS ON THE SUBJECT OF THE CATHOLICS, 


Tomy BROTHER ABRAHAM who lives in the COUNTRY. By Peter Plymley. 2ist Edition, 
post Svu. pp. 200, 7a. cloth, 


|| SMITH.—THE MEMOIRS OF THE MARQUIS DE POMBAL. 


By John Smith, Private Secretary to the Marquis de Saldana. 2 vols. 8vo, with Portrait 
' and Autograph, 2ls¢. cloth. 


These Memoirs of this illustrious Portuguese Statesman, designated by his countrymen the 
$©Great Marquis," contain details of the terrible carthquake in 1755.-The energy of Pombal on 
that awful occasion —The establishment of the Oporto Wine Company—The Duke of Avciro's 
conapiracy—Rupture with the Court of Rome--Strange hallucinations of the Jesuit Malagrida— 
Suppression of the Jesuit order throughout Europe effected by Pumbal's energy and addrexs— 
Family compact, and war with France and Spain—Extensive reforms and flourishing condition 

Woof Portugal —Death of the hing —Pombal's resignation, examination, sentence, illness, and 

death. The whole interspersed with extracts from the despatches of Mr. Hay, Lord Kinnoull, 

i] Mer. Walpole, ctc. never bcfore published. 


SMITH.—AN INQUIRY INTO THE NATURE AND CAUSES OF THE WEALTH 


OF NATIONS. By Adam Smith, LL.D. With « Life of the Author, an Introductory 
Discourse, Notes, and Supplemental Dissertation. By J. R. M‘Culloch. New Edition, 
corrected throughout, and greatly enlarged, Svo. with Portrait, ll. ls. cloth. 


SOUTHEY’S (ROBERT) POETICAL WORKS. 


First and only complete Edition (1838-42). Collected and edited by Mr. Southey. With 
: Autobiographical Prefaces. 10 vols. foolscap Yvo. with Portrsit, and 19 other highly 


finished Plates, 2/. 10s. fancy cloth; or 42. 10s. handsomely bound in morocco, with gilt edges. 
{ The following may be had, bound scparately, in cloth lettered :— 


JOAN OF ARC - - - + + - 1 vol. 5s. THALABA - - = - + + -lvwol. Be. 
MADOC- - - - « = © « ¢ ) vol. 5s, BALLADS, ete. - - - + + 2vols. 108, 
CURSE OF KEHAMA - - - l vol. 5s. RODERICK - - - - + -lvol. 5s, 


SOUTHEY, ETC.—LIVES OF THE BRITISH ADMIRALS; 


With an Introductory View of the Naval History of England. By R. Southey, Esq. and 
R. Bell, Esq. 5 vols. foolscap 8vo., with Vignette Titles, 14. 108. cloth. 


| SPACKMAN.—STATISTICAL TABLES 
| 

| 

| 
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Of the Agriculture, Shipping, Colonies, Manufactures, Commerce, and Population of the 
United Kingdom of Great Britain and its Dependencies, brought down to the year 1543, 
Compiled from Official Returns. By W. F. Spackman, Esq. Feap. 8vo. pp. 162, 5s. cloth. 


SPIRIT OF THE WOODS. 
By the author of ‘The Moral of Flowers.” 2d Edition, 1 vol. roval 8vo. with 23 beautifully 
coloured Engravings of the Forest Trees of Great Britain, 1. lls. 6d. cloth. 


SPOONER.—A TREATISE ON THE INFLUENZA OF HORSES. 


Shewing its Nature, Svmptoma, Causes, and Treatment, embracing the subject of Epizootic 
Discase generally. By W.C.Spooncr, M.R.V.C, l2mo. pp. 118, Js. 6d. sewed. 


SPOONER.—A TREATISE ON THE STRUCTURE, FUNCTIONS, AND 


| DISEASES of the FOOT and LEG of the HORSE ; comprehending the Comparative Auatomy 
of these Parts in other Animals; embracing the subject of Shocing and the proper Treatment 
of the Foot; with the Rationale and Effects of various Important Operations, and the best 
Methods of performing them. By W.C. Spooner, M.R.V.C. lomo. pp. 398, 7a. 6d. cloth. 


li STEBBING.—THE HISTORY OF THE CHRSITIAN CHURCH, 


From its Foundation to A.D. 1492. By the Rev. H. Stcbbing, M.A., etc. 2 vols. foolscap 8vo. 
with Viguette Titles, los. cloth. 


STEBBING.—THE HISTORY OF THE REFORMATION. 
By the Rev. H. Stebbing. 2 vols. foolscap 8vo. with Vignette Titles, 12s. cloth. 
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STEPHENS.—A MANUAL OF BRITISH COLEOPTERA 5 


Or, BEETLES : containing a Description of all the Species of Beetles hitherto ascertained to 
inhabit Great Britain and Ireland, etc. With a complete ladex of the Genera. By J. F. 
Stephens, F.L.S., author of “ lilustrations of Entomology.” 1 vol. poat Svo. lds. cloth, 


STEEL’S SHIPMASTER’S ASSISTANT, 


And OWNERUS MANUAL; containing Information necessary for persons connected with 
Mercantile Affaire ; consisting of the Reyulation Acts of the Customs for the United King- 
dom, and British Possessions abroad; Navigation Laws; Registry Acts; Duties of Customs 
of the United Kingdom, the British Plantations in America, Canada, and Isle of Man; in the 
Fast Indies, Cape of Good Hope, New South Wales, and Van Dieman's Land; Smugglin 
Acta; Pilotawe throughout England and Scotland ; Insurances: Commercial Treaties ; Doc 
Charges an Shipping, ete. New Edition, corrected by J. Stikeman, Secretary to the East 
India and China Association. With Tables of Monics, Weights, Measures, and Exchanges. 
By Dr. Kelly. With a Supplement. 1 vol. Svo. Li. ls. cloth. 


STRONG.—CREECE AS A KINCDOM: 


A Statistical Description of that Country —its Laws, Commerce, Resources, Public Institutions, 
Army, Navy, ete.— from the Arrival of King Otho, in ING, down to the present time. From 
Official Documents and Authentic Sources. By Frederick Strong, Esq., Consul at Athens for 
the Kingdoms of Bavaria and Hanover. 8vo. lds. cloth. 


SUNDAY LIBRARY : 
Containing nearly One Hundred Sermons by the following eminent Divines. With Notes, 
etc. by the Rev. T. F. Dibdin, D.D. 6 vols. foolseap Svo. with 6 Portraits, 30s. cloth. 


Archhp. Lawrence Bp. Mant Dr. D'Oyly Rev.J. Hewlett 
-_ Secker — Newton — Paley — A. Irvine 

Bp. Bloomfeld — Porteus — Parr — W. Jones (of 
— Gray — J.B. Sumner —- Shuttleworth Naviand) 

— Heber — Van Mildert Professor White — C.W. Le Bas 
= Hobart Dean Chandler Rev. Arch. Alison — H.H. Milman 
— Horne Archdeacon Nares — C. Benson — R. Morchead 
— Horsley — Pott — Joshua Gilpin — Thos. Rennell 
— Huntingford Dr. Blair — G. Hagyitt — J.H. Spry 
— Maltby — Chalmers — Robert all — Sydney Smith 


os. Townson 


SW AINSON.—A PRELIMINARY DISCOURSE ON THE STUDY OF NATURAL 
HISTORY. By W. Swainson, Esq. 1 vol. foolecap Svo. 66. cloth. 


SWAINSON.—A TREATISE ON THE NATURAL HISTORY AND CLASSI- 
FICATION OF ANIMALS. By W. Swainson, Esq. 1 vol. foolscap 8vo. 6s. cloth. 


SW AINSON.—NATURAL HISTORY & CLASSIFICATION OF QUADRUPEDS. 
By W. Swainson, Esq. 1 vol. foolscap 8vo. with Vignette Title, and 176 Woodcuts, 6s. cloth. 


SW AINSON.—NATURAL HISTORY AND CLASSIFICATION OF BIRDS. 


is W. Swainson, Esq. 2vols. foolseap Svo. Vignette Titles, and above 300 Woodcuts, 
12s. cloth. 


SWAINSON.—ANIMALS IN MENACERIES. 
By W. Swainson, Esq. Fcap 8vo. Vignette Tithe and numerous Woodcuts, 64. cloth. 


SWAINSON. — NATURAL HISTORY AND CLASSIFICATION OF FISH, 


AMPHIBIANS AND REPTILES. By W. Swainson, Esq. 3 vols. foolscap S8vo. with 
numerous Woodcuts and Vignette Titles, ]2s. cloth. 


SW AINSON.—HABITS AND INSTINCTS OF ANIMALS. 
By W. Swainson, Esq. 1 vol. fuolscap 8vo. with Vignette and uamerous Woodcuts, 6s. cloth. 


SW AINSON.—A TREATISE ON MALACOLOCY 35 


Or, the Natural Classification of Shells and Shell-Fish. By W. Swainson, Esq. 1 vol. fcap. 
8vo. with Vignette Title and very numerous Illustrations jn Wood, 6a. cloth. 


SWAINSON AND SHUCKARD.— HISTORY AND NATURAL ARRANCE= 


MENT OF INSECTS. By W. Swainson, Faq. and W.K. Shuckard, Esy. 1 vol. foolscap 
Bvo. with Vignette Tithe and Woodcuts, 6s. cloth. 


SWITZERLAND.—THE HISTORY OF SWITZERLAND. 
1 vol. foolscap 8vo. with Vignette Title, 6s. cloth. 
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TATE — HORATIUS RESTITUTUS 3 


Or, the Books of Horace arranged in Chronological Order, according to the Scheme of Dr. 
Bentley, from the Text of Gesner, corrected and improved. With a Preliminary Dissertation, 
very much enlarged, on the Chronology of the Works, on the Localities, and on the Life 


and Character of that Puct. By Jamcs Tate, M.A. Second edition, to which is now added, 
an original Treatise un the Metres of Horace, Svo, 12s. cloth. 


** Mr. Tate's Horatins Restitutns’ should find a place in the library of the mature scholar, 
of the youthful student, and of the accomplished man of the world.’—Quarterly Review. 


TATE.—THE CONTINUOUS HISTORY OF THE LIFE AND WRITINCS OF 


ST. PAUL, on the basis of the Acta; with Intercalary Matter of Sacrcd Narrative, supplied 
from the Epistles, and clucidated in occasional Dissertations: with the Horw Pauline of 


Dr. Paley, ina more correct cdition, subjoined. By James Tate, M.A., Canon Residentiary 
of St. Paul's. 8vo. with Map, 13s. cloth. 


TAXIDERMY $ 


Or, the Art of Collecting, Preparing, and Mounting Objects of Natural History. For the use 
of Muscums and Travellers, With & Plates, Sth Edition, l2mo. 74.64. cloth. 


TAYLOR.—THE STATESMAN. 
By Henry Taylor, Esq., author of “ Phillp Van Artevelde.” 12mo. 6s. 6d. boards. 


THACKER.—THE COURSER’S ANNUAL REMEMBRANCER, AND STUD= 


BOOK; being an Alphabetical Return of the Running at all the Public Coursing Clubs in 
England, [relaud, and Scotland, for the Season 1841-12; with the Pedigrees las far as 
received) of the Dogs that won, and the Dogs that ran up second for ench Prize; also, a 
Return of all Single Matches run at those Meetings ; with a Prelimiuary Essay on the 
Decision of Short Courscs. By T. Thacker. 8vo. 100. cloth. 


THACKER,.— POCKET COMPENDIUM OF COURSING RULES & BYE-LAWS, 
For Use inthe Ficld. By Thomas Thacker. 1s. 6d. sewed, 


THIRLWALL.—THE HISTORY OF CREECE. 


By the Right Rev. the Lord Bishop of St. David's. Vols.1 to 7, foolscap Svo. with Vignette 
Titles, 21. 22. cloth. 


TIIOMSON’S SEASONS. 


Edited by Bolton Corney, Esq. Tllustrated with Seventy-seven Designs drawn on Wood by 
the following Members of the Etching Club :— 


J. Bell, Sculptor. J.C. Horsley. Frank Stone, H.J. Townsend, 


C.W. Cope. J.P Knight. C. Stonhouse. T. Webster, A.R.A. 
Thomas Creswick. R. Redgrave, A.R.A. F. Tayler. 


Engraved by Thompson and other eminent Engravers. 


Handsomely printed In square crown Svo. 1842, pp. 336, 21s. richly bound in ultra-marine cloth ; 
in morocco in the best manner by Hayday, 36s. 


¢,° A few copics priuted on prepared paper of great beauty, oomine most uni 
a 


gue book, 
21. 2s. in ultra-marine cloth; in morocco in the best manner by Hayday, 2. 17¢.; or in 
russia, 3/, 


‘* Few seorks of the class have a fatrer prospeet of popularity than this new edition of 
« Thomson, illustrated by the members of the Etching Club. Moat of the designaarein accor 

ance with the spirit of the anthur,--sume of them beautiful. The landscape vignettes con- 
tributed by Mr. Crencich entitle him to a first place asa book illustrator; exhibiting a 
wersatslity of talent for which his warmest admirers conid hitherto have Aardly ventured to 
gine himercdit. Mr. F. Tayler isnot far behind, as Ais designe at pp. 11, 12, and 26, will 
most satisfactorily prove: and he comes one step nearer historical art than Mr. Creswick, in 
vivhtof his clever management of rustic figures. Messrs. Cope, Horsley, Redgrave, and 
Bell, with all their true English feeling, and the grace of their conceptions, are a degree 
more ambitious. Mr. Bell's preparatory ontline of ‘Spring’ gives indications of grace, 
portry, and fancy, worthy of bring carried to the highest perfection, This book is branti- 
Sully brought ont; the vignettes are from copper, blocks produecd by the electrotype process, 
This gives a peculiarity of effect to the impressions more easy to perceive than to desctibe: 
Other af ony classtcal poems are ta fullow, ilinstrated in a similar fashion. Br. Bolton 
Corney's labonura are not the less ta be commended because ts y are unobtrusive; the work is 
extremely well edited, and therefore entitled tog place ont) ¢ library shelf as well as on the 
drawing-room table.”—Athenzum. 


THOMSON.—THE DOMESTIC MANACEMENT OF THE SICK ROOM, 


Necessary, in Ald of Medical Treatment, for the Cure of Diseases. By Anthony Todd 
Thomson, M.D. F.L.S. etc. 1 vol. post 8vo. pp. 518, 10s. 6d. cloth. 


THOMSON.—CHEMISTRY OF ANIMAL BODIES. 


By Thomas Thomson, M.D., Regius Professor of Chemistry in the University of Glasgow. 
Bvo. 152. cloth. 


“& 


30 CATALOGUE OF NEW WORKS 


* 


TOMLINS.—A POPULAR LAW DICTIONARY ; 


Familiarly explaining the Terms and Nature of English Law; adapted to the comprehension of 
Persons vot educated for the Loyal Profession, aud affording Information peculiarly useful to 
Magistrates, Merchants, Parochial Odicers, aud others. By Thouies Edlyne Toulins, Attorney 
and Solicitor. Io lthick vol. post vo. 18s. cloth. : 


The whole work has been revised by « Barrister. 


TOOKE.—A HISTORY OF PRICES; 
With reference to the Causes of their principal Variations, from 1792 to the Present Time. 
Preceded by a Sketch of the History of the Corn Trade in the last Two Centuries, By 
Thomas Tooke, Esq. F.R.S. 2 vols. vo. 12. 16s. cloth. 
A continuation of the above, 


AN ACCOUNT of PRICES and of the State of the CIRCULATION in 1888 and 1839; with 
veers oe the Corn Laws, and on proposed Alterations jn our Banking System. 8vo. 
. cloth, 


TRANSACTIONS OF THE ENTOMOLOCICAL SOCIETY, 
8vo. The last Part published is Part 3 of Vol. IIT. with Plates, 4s. 6d. 


TRANSACTIONS OF THE ZOOLOCICAL SOCIETY OF LONDON. 
4to. The last Part published is Part 1, Vol. IIL. with Plates, l4e. coloured, and 12s. plain. 


TRANSACTIONS OF THE INSTITUTION OF CIVIL ENCINEERS. 
4to. Vol. Il. with Twenty-three fincly engraved Plates, 28s. cloth. 
Vol. HI., with Nineteen finely engraved Plates. 22. 12s. 6d. cloth. 


TRANSACTIONS OF THE ROYAL INSTITUTE OF BRITISH ARCHITECTS OF 


LONDON : consisting of a Series of Papers on ‘ Antiquities,’ and ** Construction.” By 
R. Willis, MLA. FLROS. ete., Ambrose Poynter; Herr Hallmann, of Hanover; Dr. Faraday ; 
Mr. Bracebridge: Herr Beuth, of Berlin; Joseph Gwilt, F.S.A. F.A.S.; Mr. C. H. Smith; 
Mr. C. Fowler, Hon. Sec.; Mr. W. A. Nicholson, of Lincoln; and Mr. J. P. Papworth. 
Vol. 1. Part 2, tto. with numerous Ilthographic and woodcut Illustrations, 24s. cloth. 


*.* Part J. Vol. {. uniform with the above, 16s. cloth. 


TRANSACTIONS OF THE LINNEAN SOCIETY OF LONDON. 
The last Part published is Part 1, Vol. XIX. 4to. with Plates, 18s. 


TURNER.—A RECISTER OF EXPERIMENTS, 


Anatomical, Physiological, and Erie obieer petormed on Living Animals. By J. Turner, 
M.R.V.C. Two Parts, Svo. 2s. 6d. each, sewed. 


TURNER.—THE HISTORY OF ENCLAND, 


From the Earlicat Period to the Death of Elizabeth. By Sharon Turner, F.sq. F-A.S. R.A.S.L. 
12 vols. Svo. Sf. Ss. cloth. 


Or four separate portions, as follows:— 


THE HISTORY of the ANGILO-SAXONS; comprising the History of England from the 
Earliest Period to the Norman Conquest. 6th Edition, 3 vols. Svo. 2). 5¢. boards. 


THE HISTORY of ENGLAND during the MIDDLE AGES; comprising the Reigns from 
William the Conqueror to the Accession of Henry VILL, and also the History of the Litera- 
ture, Religion, vee and Progresa of the Reformation, and of the Language during that 
period. 3d Edition, 5 vols. Syu. 3/. boards. 


THE HISTORY of the REIGN of HENRY VIII.; comprising the Political History of the 
commencement of the English Reformation: being the First Part of the Modern History of 


England. 3d Edition, 2 vols. 8vo. 26s. boards, 


THE HISTORY of the REIGNS of EDWARD VI., MARY, and ELIZABETH; being the 
Second Part of the Modern History of England. 3d Edition, 2 vols. 8vo. 32s. boards. 
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TURNER.—THE SACRED HISTORY OF THE WORLD, 
Philosophically considered. By S. Turner, F.S.A. R.A.S.L. New Edit. 3 vols. Svo. 422. bds. 


Vol. l considers the Creation and System of the Earth, and of its Vegetable and Animal Races 
and Material Laws, and Formation of Mankind. 

Vol. 2, the Divine Economy in its special Relation to Mankind, and in the Deluge, and the 
History of Human Affairs, 

Vol. 3, the Provisions for the Pernewalon and Support of the Human Race, the Divine System 
of our Social Combinations, and the SuperiatarelsHistors of the World. 


TURNER.—A TREATISE ON THE FOOT OF THE HORSE, 


And a New System of Shocing, by One-sided Nailing; and on the Nature, Origin, and 
Symptoms of the Navicular Joint Lamenessa, with Preventive and Curative Treatment. By 
dames Turner, M.R.V.C. Royal Svo, pp. 118, 7s. 6d. boarda, 


TURTON’S (DR.) MANUAL OF THE LAND AND FRESHWATER SHELLS OF 


THE BRITISH ISLANDS. A _ new Edition, thoroughly revised, and with considerable 
Additions. By John Edward Gray, Keeper of the Zoological Collection ia the British Museum. 
1 vol. post 8vo. with Woodcuts, and 12 coloured Plates, 15s. cloth. 


URE.—DICTIONARY OF ARTS MANUFACTURES AND MINES; 
Containing s clear Exposition of their Principles and Practice. By Andrew Ure, M.D. 


F.R.S. M.G.S8,. etc. New Edition, in 1 thick vol. 8vo. illustrated with 1541 Engravings on 
Wood, 2%. 10s. cloth, 


WALKER.—BRITSH ATLAS OF FORTY“SEVEN MAPS, 


CAREFULLY COLOURED; comprising separate Maps of every County in England, each 
Riding in Yorkshire, and North and South Walesa; showing the Roads, Railways, Canals, 
Parks, Boundaries of Boroughs, Places of Election, Polling Dinces, etc, Compiled from the 
Maps of the Board of Ordnance and other Trigonometrical Surveys. By J. and C. Walker. 
Imperial 4to. coloured, Three Guineas, half-bound ; large paper, Four Guineas, half-bound. 


*,* Each County may be had separately, in case, 28. 6d. 


WALTZING.—REFORM YOUR WALTZING. THE TRUE THEORY OF THE 


RHENISH or SPANISH WALTZ, and of the German Waltz, a dear Temps, analysed and 
explained for the first time. By an Amateur. Foolscap Svo. uniform with ‘Hints on 
Etiquette.” Price Half-a-Crown, 


The Figure of 8 in both these Waltzes on an entirely new principle, 


©,* Waltzing is the art of a gentleman, and never yet was taught or understood by a 
dancing-master. 


** The author of these amusing hints cannot bea more enthusiastic admirer of waltzing 
than weare. Jt wana source of enjoyment to usin the land af its legitimate home for many 
a year in the days of yore; but hélas, ila sont passécs lea fours de fite! we are now too old 
and rheumatic tu be able to indulice in such pastimes. Those of our readers, however, who 
are younger and more active than ourselucs, and who wish to know what real waltzing 
actually means, cannot do betier than benefit by the system laid down and recommended for 
adoption by ‘An Amateur,’ whose remarks are well calculated to prove servicenble to the 
wninitiated.”’—United Service Gazette. 


WARDLAW.-—SERMONS., 
By Dr. Wardlaw. 8vo. 12s. boards. 


WARDLAW.—DISCOURSES ON THE PRINCIPAL POINTS OF THE SOCINIAN 


CONRTOVERSY-—the Unity of God, and the Trinity of Persons in the Godhead—the Supreme 
Divinity of Jesus Christ—the Doctrine of the Atonement—the Christian Character, etc. 
By Ralph Wardlaw, D.D. 5th Edition, Svo. 15s. cloth. 


WATERTON.—ESSAYS ON NATURAL HISTORY, 


Chiefly Ornithology. By Charles Waterton, Esq., author of **Wanderings In South 
America.’?) With an Autobiography of the Author, and a View of Walton Hall. 3d Edition, 
foolscap 8vo. 8s. cloth. 


WATIIEN.—ARTS, ANTIQUITIES, ANDO CHRONOLOCY OF ANCIENT 


EGYPT, from Personal Observations in 1839. By G. H. Wathen, Architect. Royal 8vo. with 
Plates and Woodcuts, from the Author's own Sketches. 16s. cloth. 
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WESTWOOD. —INTRODUCTION TO THE MODERN CLASSIFICATION OF 


| INSECTS; comprising an Account of the Habits and Transformations of the diferent 
Families; a Synopsis of all the British, and a Notice of the mure remarkable Foreign 
Genera. By JO. Westwood, Sec. Fat. Soc. London, F.L.S., ete. 2 vols. Wustrated with 
\ above 150 Woodcuts, comprising about 2500 distinct Figures, 2/. 7a. cloth. 


WHITE'S COMPENDIUM OF THE VETERINARY ART 5 


Containing Plain and Concise Observations on the Construction and Management of the 

Stable; abricf and popular Outline of the Structure and Economy of the Horse; the Nature, 
Symptoms,and Treatment of the Diseases and Accidents to which the Horse is liable ; the best 

Method of performing various Important Operations ; with Advice tothe Purchasers of Horses ; 

i 

| 
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and a copivus Materia Medica and Pharmacopuia, 17th edition, enthrely reconstructed, with 
considerable Additions and Alterations, bringing the work upto the present state of Veteri- 
nary Science. By W.C. Spooner, Vet. Surgeon, etc. etc. Svo. pp. S88, with coloured Plate, 
16s. cloth. London, 1842. 


WHITE'S COMPENDIUM OF CATTLE MEDICINE 5 


Or, Practical Obscrvations on the Disorders of Cattle and other Domestic Animals, except 
the Horse. 6th Edition, re-arranged, with copious Additions and Notes. By W.C, Spooner, 
Vet. Surgeon, author of a ‘Treatise on the Infucnza,”’ and a ** Treatise on the Foot and 
Leg of the Horse,” ctc. 8vo. $s. cloth. 


WHITE.—THE COSPEL PROMOTIVE OF TRUE HAPPINESS. 
By the Rev. Hugh White, M.A. 12mo. 68. cloth. 


WILDE.—AUSTRIA. : 


| 

Its Literary and Mcdical Institutions; with Notes on the Present State of Science, and « 
| Guide to the Hospitals and Sanatory Establishments of Vienna. By W.R. Wilde, M.R.LA. 
L.R.C.8 IL. CRE dal arena of the Iinperial Society of Physicians of Vienna, etc.; 
t 


author of ** Narrative of a Voyage to Vicnna, Palestine,’ etc. Post Svo. Map, 9s. 6d. cloth. 


WILKINSON.—THE ENCINES OF WAR, ETC. 


Being a History of Ancicnt and Modern Projectile Instruments and Engines of Warfare and 
Sporting; including the Manufacture of Fire Arms, the History and Manufacture of Gun- 
powder, of Swords, and of the cause of the Damascus Figure iu Sword Blades, with some 
Observations on Bronze: to which arc added, Remarks on some Peculiarities of Iron, and on 
the extraordinary Effect produced by the Action of Sea Water on Cast Iron; with Details of 
various miscellaneous Experiments. By H. Wilkinson, M.R.A.S. 1 vol. Svo. 9s. cloth. 


WOOD.—A PRACTICAL TREATISE ON RAILROADS, AND INTERIOR 
COMMUNICATION in GENERAL. Containing numerous Experiments on the Powers of 
the Improved Locomotive Engines, and Tables of the comparative Cost of Conveyance on 
Canals, Railways, and Turnpike Roads, By Nicholas Wood, Colliery Viewer, Memb. Inst, 
Civ. Fug. etc. Third edition, very greatly enlarged, with 13 large Plates, and scveral new 
Woodeuts. 1, lls. 6d, cloth. 


YOUNC LADIES’ BOOK (THE): 
A Manual of Elegant Recreations, F.xercises, and Pursuits, 4th Edition, with numerous 
beautifully executed Engravinga on Wood. UM. ls, elegantly bound in crimson silk, lined 
with imitation of Mechlin lace. 


Just published, 
Octavo, price Half-a Crown, boards, the New Edition of Messrs. Longman and Co.'s 


CENERAL CATALOGUE 


Of WORKS In all departments of ENGLISH LITERATURE, Classified, with a General 
Alphabetical INDEX. With the necessary Corrections and Additions to March 1843, 


Also, 8vo0. Gratis, 


MESSRS. LONCMAN & CO.’S CATALOGUE OF OLD BOOKS 
FOR 1843, 
Containing various Works in General Literature; besides Bolandus, Acta Sanctorum, 53 vols. fol. 
—Baronii Anpales Sacri et Ecclesiasticl, 42 vols. fol. large paper— Labbej et Coleti Sacramenta 


Conailia ad Regiam, 23 vols. fol.—Pivanesi, Opere, 25 vols. fol.—Description de l’Egypte, par 
ordre de Napoléon, 23 vols. fol. papler vélin—etc. ete. roe 
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